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NOW _ on. modern successor 


to the galvanometer 









the new 
Llectranik 


Null Indicator 








If you use galvanometers, you'll be interested in the new ElectroniK Null 
Indicator. For here, at last, is the lab man’s ideal d-c null balance detector . . . 


electrical completely free from all the limitations of galvanometers. 
‘ I 
characteristics It’s easy to use—no “‘loss of spot’’ from excess signal; bridge balancing oper- 


SMPUT WAPEDANCE ation is simplified. 


4 ba H 1 ake > ry rey. ‘ s j ‘ ave 
1500 ohms It’s self-protecting —will take heavy over-loads without damage. 
It’s vibration-proof —undisturbed by nearby traffic or machinery. 


CURRENT SENSITIVITY . : : , a 
It goes anywhere —needs no leveling or special mounting; plugs into 115-volt 


0.6 x 10-9 amperes . . . ° 
‘ rial 60-cycle line; small case fits readily into experimental set-ups. 


per millimeter ; , 
It's stable —holds steady zero after warm-up. 


VOLTAGE SENSITIVITY It’s fast—indicates in less than one second; ideal for production testing. 
‘rovolt i : : ; : : . 
l oh gy It's sensitive—suitable for use with high precision measuring circults. 
per mulitmeter a 7 - " 2 : = ‘ . : - 
The ElectroniKk Null Indicator is priced within reach of any budget. It will 
OPERATING VOLTAGE be a valuable asset to your lab. Write today for complete information. 
115 volts, 60 cycles MINNEAPOLIS-HONEYWELL REGULATOR Co., [ndustrial Division, Wayne and 


Windrim Avenues, Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Instrumentation Data Sheet No. 10.0-12. 


Honeywell 
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Kinney High Vacuum Pumps (Models DVM 12.8.14 and 
VSM 5.5.6) are used on this machine — manufactured by 
Optical Film Engineering Company, Philadelphia, Pa. — for 
depositing coatings on precision optical lenses, jewelry, 
plastic novelties, and countless other products. The vacuum 
system employed by this processing package creates absolute 
pressures as low as 10° mm. Hg. With this fast system, 
processing is carried out within a few minutes after loading, 
insuring maximum output per hour. Many of these coating 


machines are serving industries throughout the country. 


How to get the 
night vaewun pump _ 


OE Tk eae FE 
‘G. DIVISION 


‘4 
! 
pump models... the biggest, most versatile pump THE NEW YORK AIR BRAKE COMPANY | 
line on the market. We can help you size and apply | 3614 WASHINGTON STREET © BOSTON 30 MASS. Ny | 
| 
| 
| 
| 
| 
| 





By consulting Kinney, you can choose from our 


a | 


line of 13 Single Stage and Compound vacuum 





these reliable high vacuum pumps to your vacuum 


PI d Bulletin V-51B ibing th 
processing operations. Our district offices are staffed [| news cone Cuneen V-OS coating Se 


complete line of Kinney Vacuum Pumps. 


with competent vacuum engineers, to assist you. tome 


Company 

Address 
| City State 
| 


SEND COUPON TODAY !|———> 
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Model 901 
Portable Test Instruments 
Available in d-c, Model 901 
and a-c, Model 904, single 
and multiple ranges of wide 
coverage. Excellent scale 
readability and shielding. 
Accuracy within 14 of 1%. 


Model 622 —Ultra-Sensitive Instruments 


Portable d-c and a-c thermo instru- 
ments for precision measurement of 
1 rentials and minute currents in elec- 
tronics or laboratory research. 













Sensitive Relays 
A line of sensitive relays 
including the Model 705 
which provides positive 
operation at levels as 
low as 12 microampere. 
Non-chattering mag- 
netic contacts handle 
up to 10 watts at 120 
volts. 


INSTRUMENTS 


(1 @ RESEARCH 
© PRODUCTION 
@ MAINTENANCE 


For complex, or just routine measurement 
jobs, these and other specialized 
WESTON Instruments save time and 
assure dependable measurements. For in- 
formation on the complete line, see your 
local Weston representative, or write... 
WESTON Electrical Instrument Corp., 
614 Frelinghuysen Ave., Newark 5, N. J. 


WESTON 


Susleumens 





Model 697 Volt-Ohm-Milliammeter 
One of a line of pocket-size 
meters, Model 697 combines 
a selection of a-c and d-c cur- 
rent, and resistance ranges. 
Ideal for maintenance testing 
and many inspection require- 
ments. 








Model 686 
A multi-range, multi-purpose, ultra- Electronic Tube Analyzer 


Industrial Circuit Tester — Model 785 


Tests tubes under exact op- 
erating potentials. Accurately 
determines true mutual con- 
ductance of all cubes, in ac- 
cordance with manufacturers’ 
rated operating conditions, 
or under special operating 
conditions. 


sensitive analyzer, for laboratory and 
industrial checking of electrical and 
electronic circuits. Has 28 practical 
scale ranges; measures d-c and a-c volt- 
age, d-c and a-c current, and resistance. 
Accessories available to extend ranges. 
Compact and portable; furnished in 
either oak or steel case. 


viii stantial 
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A-C Clamp Volt-Ammeter 

( Model 633, Type VA-1) For conven- 
ient and rapid measurement of a-c 
voltage and current without breaking 
the circuit. Jaws take insulated or non- 
insulated conductors up to 2” diam- 
eter. Safe, rugged, versatile. Also avail- 
able as a-c clamp ammeter, without 
voltage ranges. 
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Panel and Switchboard Instruments 


A complete line of instruments in all 
types, sizes and ranges required for 
switchboard and panel needs . . . in- 
cluding d-c, a-c power frequencies and 
radio frequency, rectifier types and 
D.B. meters. 
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Model 1411 Inductronic D-C Amplifier 
Stable amplifier provides high degree 
of resolution even at fractional loads. 
Reaches steady full scale deflection in 
a fraction of a second. Interchangeable 
plug-in range standards for either 
microamperes or millivolts. 


eoeeeeeeeeeeeeeeeeneeeee 





High Frequency Electronic Analyzer 
Model 7 
A three-in-one instrument providing 
a self-contained Volt-Ohm-Milliam- 
meter, a high impedance electronic 
D-C Volt-Ohmmeter, and a probe type 
Vacuum Tube Voltmeter for use to 
300 megacycles. Exceptionally stable 
and accurate. Has specially designed 
extremely small RF and D-C probes. 
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a second in the history of 


woking at | 


It occurred at 


L000 of 


a fraction past i:3i p.m. on 


the Zero moment which marked the official 
ft the first successful pilotless bomber to b 


by the U.S. Air Force—the Martin B-61 


shuistoric for a very stenificant reason: it 1 
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components add up to the total solution of one of the 


plicity of operation and extreme mobilits 


most formidable security problems of our time 
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opments: the full story of Martin Systems Engincering. 


Jou will hear more about Martin! 






J 
Wake. v9) THE GLENN L. MARTIN COMPANY 
AILtRCRAEF T iy MAR Y 


RALTIMOR . f 


AND 





Pay! | se 


HIGHLY VALUABLE IN MEASURING FLUX, THE INDICATING FLUXMETER IS ALSO USEFUL IN TIME INTEGRATIONS OF TRANSIENT VOLTAGE, 


Eliminate Costly Flux-measurement Errors with 
Highly Sensitive G-E Indicating Fluxmeter 


Three outstanding features of the General Electric deflection per 100 flux lines is readily obtainable. 


indicating fluxmeter combine to provide dependable 3. AN EXTERNAL CONTROL BOX provides compen 
magnetic measurement: 


1. THE INSTRUMENT is extremely accurate; +17, of 
full-scale deflection. 
2. UNUSUALLY HIGH sensitivity of 1 millimeter 


sation for small extraneous voltages. 
Price of the equipment, including control box, is 
$278.50.* Aseparate unit for calibration of the instru 


ment over a wide ivity range is $58.50." 


RECORDING FLUXMETER GAUSS METER BULLETIN AVAILABLE 


SECTION A605-79 

GENERAL ELECTRIC COMPANY 
SCHENECTADY, N. Y. 

Please send me a copy of your 
Bulletin GEC-777, ‘‘Equipment for 
Measuring Magnetic Properties.’ 


NAME 
COMPANY 
ADDRESS 


COMBINING THE ADVANTAGES of CONVENIENT, POCKET-SIZE gauss meter facili- FOR FURTHER DETAILS about 
the indicating fluxmeter with those of tates checks of flux density and d I these instruments, simply send 
aG-E strip-chart recorder, the record magnetic gaps. Ideal for uss n in coupon, or contact your near 
ing fluxmeter is priced at $780.00.* reas. Price with reference magne est G-E Apparatus Sales Office. 


*Manufacturer's suggested retail p 
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NUCLEONICS a 


Jerome D. Luntz, Editor 


- | 
eo *- 4 / 


Research Reactors 
et 


d 
| What You Need To Know To Build One 


About the cover 

AEC Policy 

What the Contract with AEC Calls For 
What a Reactor Can Be Used For 

Status of Reactor Projects 

Technical and Cost Data for Reactor Design 
Reactors vs Other Nuclear Machines 
Secrecy 


Safety Problems 


[re NoT Now, then soon, nuclear reactors will be considered advised the personnel of the AEC operations offices). 
indispensable to research and educational programs There is no doubt that new problems will arise as, for 
[heir main uses are: for training, as neutron sources, to example, when institutions request permission to build 
luce radioisotopes, and for irradiation work reactors of higher power levels and different designs than 
intil last vear, the only reactors in this country thus far approved. Legislation is being requested to in- 
vned by the government and were on government crease the amount of fissionable material that can be lent 
Thus the problems of building reactors on univer- to universities. At present, a school wanting | kg or more 
impuses were never confronted. This meant that of enriched uranium requires that an AEC employee be in 

oneer on such projects, Clifford Beck of Nort! residence at the institution as the custodian of the fuel. 
na State College, had to suffer because of this lack In any event, it’s quite clear that any organization that 
precedent and the consequent need to plow throug! has a serious interest in obtaining a reactor, that has the 
ernment red tape. funds, and that has a well-conceived reactor design and 

Questions had to be answered on such matters as program can get permission to build the reactor. 
nding of fissionable material, reactor safety, financial And to make it all easier there are now upwards of a 
egal responsibility, ete. The Atomic Energy Com- dozen industrial firms that are seeking the business of 
sion had to formulate a policy on these points and on designing and building these machines, and are available 
ngs as what to do if a flood of universities re- for expert advice. 
d fuel for reactors. To assist groups in getting into this field, NucLEon- 
Dr. Beck and the AEC are to be congratulated. Ics presents the special report on the next nine pages. It 
result of this first experience there now exist an AIC is based on material presented at a conference at Oak 
and a procedure that take into account most situa- Ridge, Feb. 17 and 18, sponsored by Oak Ridge Institute 
Actually AEC is now encouraging university of Nuclear Studies and Oak Ridge National Laboratory in 
actor projects (and the AEC general manager has so cooperation with the National Research Council. 
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AEC Policy 








By THOMAS H. JOHNSON 
iD) ) Db on of Research 





WITH THE INCREASING INTERI of universitie nd other The principal obstacles to the offsite construction of 


research institutions in acquiring rese eactors, the reactors have been: first, the uncertainty that a reactor 
Atomic Energ Comn ! Lopte l rm po Can be salely operated mn the average college campus 
for dealing with institutior f esting the I fission- Recent tests, relevant to the Virmming pool reactor, when 
able material for use in react for independent research thev have been fully evaluated. mav give the necessars 


and training. assurance that some reactors can be operated sate it the 

The Commission w ni I ‘ te without desired power levels The North Caroli eactor and 
charge for rental on proce 1 ent f not i the Penn State reactor | f een carelu onsidered b 
immediate demand for 1 t ther use the Com the AKC Advisory Cor ttee on Reactor Safeguards and 
mission, provided the Cor ! sured that were judged to be safe under the operatine procedures 


a. The institution ha firasat plat lequatel proposed rhe second obstacle has been the legal rest 





provides for the construct ( thy ( t for its tion on the amount ot fis nabie materi It would take 

continued operation for ( nable pe | t ( egislative action to re e this restriction permit the 
b. The design ind ome t tive ( t I ri thie outright loan of amount I fissionable mute sult ent 

hands | respons f ined te t ( pit lor the " { Ih = { Dole ( ct o> | I t 
c. The reactor will be use ! r neeived research the present law, howeve t would be possible to allocate 


program which may be expected t ntribute significantly material under the custodianship of an AEC employee 
to the training of student ! 1 est engimeerin 
or other fields of science 

d. The loan meets the ( lrement thie Atom It is evident that the benefit of unorthodox thinkin 
Energy Act and regulat the ¢ ! regards mught not be tully re Zed the universit enctor were 
the amount of material, sé t fication ecount- operated under contract th the Commission. In re- 


ability ane health ine et search and educatior S11 nadustrial deve | ent, there 


s great virtue in encouraging the use ot | te capil: 

Fuel for making ah mdependent approach to the roblems ot 

Fissionable materia heient to permit itomic eneres It is therefore the intent of the Commis- 

some allocation for researc! The AEC | eady mace sion to limit the use ts funds to the re mimnimu! 
a loan of 999) grams f | t ‘N t ( na State needed te nsure an ie te annus ncerease in the 1 

College; and Penn State Universit een assured her of independent reactors to keep pace with the er y 


that up to 4 kg will be 1 ‘ ( ts reactor is interest in atomic ene nd at the same time to restrict 
constructed their installation to those institutions which have the 


The law restricts the tritut ! | nable material determination, the resources, and the technical competence 


(a) to such quantities il t I fh terms that needed tor them suecesstu yperation and eff ent ut Zit 
no applicant will be enabled t tain al int sufficient tion The aims of the prog iw be best serves 

to construct a bomb o thie t eapon Db) to ot the sts of construction of the associnted lidings can 
applicants who are COULD pe t Dyse ( i who do not be met by the institut ! tl it final help trom the 
fail to observe, sueh healt t fetv standards as are Commission Maanv of the ad ntages « in offsite re- 
or may be, established | the ( ! nd (ec) to an actor program would appe to be lost i the Commission 


extent which will not prevent the ( from making were to contribute a share of the sts of su 


such provision for its own ne lf nservation projects. Subject to the tilabilit funds, the ¢ 
of fissionable materia t 1 ete e to be in the MISSION W consider part support of the nstruct 


national interest tor the ture eve ent of atom of reactors at nonprofit stit 


enerye\ kixeept lor tf ( t the ! tial bate Pre Independence hh Ope 1 ! seven I e desirable thal 
dential directive \ f mat must remain in construction Ni the Commiuss vould not 
under the ownership the ( e subject to supply fissionable mate { n independent reacto 


recall when needed the ¢ ! ts operatiol ere eseen to depend up AKC support 


These restrictions 1 =e © ne twak wl aaa oe canine esiens. suitable for researc] : 
reactors which ean be indepe ent te the \ Doses ive bee i strated ! A} iboratories 
require rather rigid specification erating wedure \linor variations in desig nv of these reactors could 
and on features of the struetu I equ ent whicl el le to meet special requirements it an institut 
have a bearing on he t! ! et tii ma nit vould t be en rage to ¢ K Uy i wien me 
the number of reactor ! ( t ea desig ts 8 nee t nh might l nto ur 
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desirable classification, as well as potential technical 
difficulties. 

While it is anticipated that programs will be conducted 
as Tar as possible on an unclassified basis, conditions may 
exist or may develop in such a way as to require the appli- 
cation of security measures for the protection of intorma- 
tion and material, including the clearance of personnel and 
the establishment of appropriate physical barriers and 
provisions 101 the guarding of areas and materials com- 
mensurate with the degree of security interest: present. 
In any case at least one individual associated with a 
university reactor project, designated as the security 
monitor, must be cleared for access to “ Restricted Data’ 
and thoroughly indoctrinated in Atomie Energy Commis- 
sion security requirements. 

The Commission must assure itself that  fissionable 
material would not fall into the hands of unauthorized 
persons. Since material loaned for a reactor would be 
inside the shield and, after initial use, highly radioactive 


reasonable measures taken to safeguard the instruments 


and equipment in the reactor building would) provide 
adequate protection for the reactor core. 

A statutory provision states that “the Commission 
shall not distribute material to any applicant and shall 
recall distributed material from any applicant who is not 
equipped to observe or who fails to observe such safety 
standards to protect health and to minimize danger from 
explosion or other hazard to life or property Therefore 
the Commission must be assured at all times that the 
operation of the reactor does not involve unusual hazards 
to life and property either on the site or in the environs. 
The design of the facility, and the operating and radiation 
safeguard procedures would therefore be subject to the 
inspection and approval of the Commission. Exposure 
tolerances and means of monitoring radiation should con- 


form with the standards approved by the Commission 


Moreover, in the agreement under which the material is 
loaned there should be no implication of responsibility 
on the part of the Commission for damages to life on 


property resulting from the operation of the reactor 


What the Contract with AEC Calls For 





Oak Ridae Operations 
U.S. Atomic Eneray ¢ 
Oak Ridge. Tennessee 





AN INSTITUTION desiring a research reactor first comes in 
official contact with the Atomic | nergy Commission when 
it obtains a study contract. This contract provides lo! 
the institution to design a reactor, to make a hazards study 
he operation of the reactor at the proposed site, and to 


develop an operational plan, including security, for the 
operation of a reactor. Excluding the study contract 
period, the AEC Operations Office comes into the picture 
once the decision 1 principle has been made to lend fiss1on- 
able material. By this time the institution has a broad 
picture of a type of reactor it wishes and has made a study 
of the hazards involved and has received concurrence of 
the Advisory Committee on Reactor Safeguards and is 
proceeding to undertake detailed designs. 

The Operations Office then undertakes to assure that all 
of the requirements of the Atomic Energy Act and special 
requirements placed on the tentative approval by the 
Commission are carried out. Further that any data or 
further study required by the Safeguard Committee is 
supplied by the university or college and presented to the 
Committee, that provisions have been made for continuing 
study and observation of radioactive hazards, that the 
groups are brought in to review and approve the 
security plans for the fissionable materials and that the 
yperating plans include sufficient information to assure 


ile operation Thev are not necessarily done in this 


In the meantime, the Operations Office negotiates a 
contract with the institution. This contract, of course, 


must be acceptable to the college and, at the same time, 
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permit the Commission to carry out its responsibilities 
under the Atomic Energy Act. 

In the negotiation of a contract, the first consideration 
is conformance with existing law. Then, any restriction 
or limitation in the contract that would retard the research 
and development program must be avoided if at all pos- 
sible since we would be defeating our own purpose. We 
do not wish to get into the institution’s business more than 
we have to in order to carry out the provisions of the 
Atomic Energy Act. 

Contracts are written in various ways, depending on the 
attorney making the draft. I should like to approach 
this subject from a simple point of view: (1) What the 
Commission will do. (2) What strings are attached x | 
What the institution will do. It is realized that there 


will be some overlap. 


What the Commission agrees to do: 


We furnish the fuel—thus far it has been uranium in the 
weight and composition required In general, the Com- 
mission agrees to furnish the fuel in a form suitable ton 
direct insertion in the reactor, without additional process- 
ing or fabrication by the institution In the cause of 
uranyl sulfate, it was desirable to furnish a more concen- 
trated fuel and perform dilution at the site. This would 
not be necessary for metal fuel elements, since they may 
be fabricated in the form suitable for direct loading. The 
use of existing designs of reactors usually implies that the 
Commission has the facilities for providing the fuel in 
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What a Reactor Can Be Used For 











Los ALaMos Screnriric LABORATORY e. Measurement of the velocity he obtained directly from the 
has had a water boiler reactor in oper- distribution of the fission frag- gas circulating system. Particu- 
ation since 1944. L. D. P. King, re- ments by messuring the time of lar isotopes can be emphasized by 
sponsible for much of the development flight of the fragments. making use of their half-lives, i.e. 
of the reactor, lists the following as 2. Examples of neutron cross-section by taking the sample from the ex- 
illustrations of the many experiments measurements haust line close to, or far from, the 
done with: it a. Total cross section of He* for reactor. 
slow neutrons using a graphite Small amounts of the reactor solu- 
A. Reactor Technology ; 
Pras , filtration technique to change the tion itself furnish excellent sources 
Che first group of experiments was , 
' ' neutron energy. Absolute values of rare isotopes. Here certain 
done to study the characteristies of : 
. -— are obtained by f COMMpParison with products ean bn emphasized by 
the reactor as such. Thev are also , ; 
a known boron sample in an the previous running history of 
ery useful in giving personnel ex- : 
s : Wentical geometry. the reactor. 
perience with radiation and the 


b. Total cross section for large 
methods used for detecting and 


number of elements by using a  C. Biomedical Research 
counting neutrons and gamma rays, 


2 oe neutron converter in the “glory One reactor application to biology 
1. Approach to critical multiplica- ’ : ME : 
; hole us a fast neutron source and medicine is an experiment to 
on studies 
: . and «a proton recoil chamber as determine the biological effective- 
2. Control red calibrations : : ; , 
a neutron spectrometer — itself, ness of thermal neutrons and hard 
3. Critical behavior—reactor period 
ie Samples of gaseous products ean gamma raves. 
function of excess reactivity 


4. Temperature coefficient measure- 
ments the effect of temperature on 
renct ty 


$, Noukeon Sick didieleatiom Status of Reactor Projects 


6. Neutron — energy distributions 








hopper for slow neutrons Institution Reactor type Status and remarks 
hetographic plates for fast : ens tee 
, Columbia Swimming pool Financing incomplete 
neutrons 
7 ; bad Utah Water boiler Reactor designed; power 100 kw; flux, 
» Shuelding studies 


3 or 4 & 10"? n cm’/sec; financing in- 


B. Physics complete 
The gest series of experiments has Penn State Swimming pool Approved by AEC, work under way; 
heen devoted to fundamental experi- scheduled to be in operation by mid- 
ents in the field of physics. This is 1955; total facility cost $300,000; power 
t lue to the fact that the re- 100 kw 
vas run by a group in the North Corolina Water boiler In operation 9/53 
livision. <A few of the many Michigan Swimming pool Up for approval before Reactor Safe 
experiments are mentioned below. guard Committee; power, up to 1 mego- 
1. Studies of the fission process watt; flux, 10'? n/em*/sec 
a. Neutron energy distribution UCLA Water boiler For medical school; financing incomplete 
the fission of U by observ- Watertown Arsenal Swimming pool Being designed under industrial contract 
u oton recoils, Naval Research Swimming pool Design complete; construction of building 
b. Observations on the number Laboratory to be started shortly; power 100 kw 
periods of neutrons and gamma Vanderbilt Swimming pool Financing incomplete 
appearing after fission by Wright-Patterson Swimming pool To be designed by industry; power 100 kw 
oting fissionable Samples Air Force Base 
igh the reactor “glory hole.” 
‘ 4 trigks fenton 1 NOTE: Other universities reported to have an interest in obtaining a reactor are: Ohio 
. Senuren lol pie ssion ry 
: Ky It ‘ State (approved by board of trustees in Feb.), Alabama Polytech; Case; Connecticut; and 
gy a large special triple coinci- 
; ‘ Texas. 
ence chamber directly in the large , 
tv of the thermal column. Industrial organizations knoWn to be interested in design, engineering and/or constroc- 
d. Determination of the total en- tion of research reactors are: American Machine and Foundry, Babcock and Wilcox, 
of fission by placing a calo- Bendix Aviation, Foster Wheeler, General Electric, Kaiser Engineers, Walter Kidde, North 
» ad . . . . Vit % 
meter with an internal sample American Aviation, Nuclear Development Associates, Vitro 


[ in the thermal column. 
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Research Reactors Fueled with Natural Uranium 


Technical and Cost Data for Reactor Design 
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FIG. 1. Flux of enriched reactors with fixed cooling costs FIG. 2. Enriched fuel required for reactors (fixed cooling costs) 
TABLE 3. Research Reactors Fueled with Enriched Uranium 
ky hed l P? 
) nation Date fise Voderator 
Heavy-water type 
( 1950 tkg I + Al 7 tons D.O WM) kw 
( 1953 1.2kg¢ U + Al 6.5 tons D.O 1000 kw 
Water boilers 
LOPO 1u44 0.5 kg UO.SO, HO 1 watt 
HYPO 1944 O Ske UOwO, Hw 6 kw 
~ ”) 1951 O Skg UOLSO, HO 1 kw 
( 1953 Lkeg UO.LSO, Ho lO kw 
MTR type 
LITR L950 skg I Al HO 2000 kw 
BSI 1951 2.5 kg U + Al H.O 100 kw 
ITI 1952 ike I \] Ho 0,000 kw 
ORI ed 1056 2 5kg l \ Hw 5000 | 
Homogeneous graphite 
A A , , 2 ke U:O graphite 160 kw 
TABLE 4— Performance and Cost of Research Reactors 
\ po | } ( 
) , / ; < ( REACTOR ALPHABET 
vo 0 009 1x 10 Is CP-1, CP-2, CP-3, CP-3’, CP-5 iriou 
( ) Oot | 108 2 «) Argonne 
110 5x 10 5.2 X-10-—Oak Ridge 
( 4 Lou 5 10 2 HYPO, SUPO— Los Alamos 
HYPO 144 7.000 10 Ooo . 
; i NRX—Chalk River 
pas > OO * ? 10 10 
( 0 68,000 ’ 10 2 BNL-— Brookhaven 
0) il 2x 10 0) LITR—low intensity test reactor, Oak R 
1) 900,000 | 10 ; . BSF—bulk shielding facility Oak Ridge 
~ ( V0 O00) | 10) () 
SI 37 000 | 10 2 MTR—miaterials testing reactor, Idahe 
rl 2 7.000.000 2 jas Is NCSR-— Raleigh 
SI ' 9,100 2x 10 U.0 ORR—conceptual design of a reactor 
( 4 GLO.O00 2 10 4 search using advanced MTR . 
(>] ‘ 1 SOOL000 D 1's > 8 { 
- does not refer to a spe ré tor projes 
15.000 I &« 1 1.4 
NAA—North American 
! it i da 
13 
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assumed to be SLOO, |i | a ( tec Safety 
manufacturers to represent free ket 1 The imi 
D,0. The cost of the | 
at $50/kw heat. In thi 
reactors, the external 


hcient 


be 20 liters per Mw heat fon ouy t 


coolant | 


rated experiment lly ina 


Fuel costs are not includes n the ¢ I | iil f 4 cae The 


number of reactors « light-water cooled 


approximately the sam graphite-moderated or } , water-moderated reactors do 


’ ] ¢ ’ fit } Y rs 
Figure 1 shows tha CUIAUINE SUlUN DO reactor not necessarily possess this feature and, depending on the 


have i consider ible ma ! ( I I thermal flux particulal design, muy ! . inherently as si 


obtainable COMpared to other . Ts Iie present heterogeneous oO! homo neous water reactors 
velopment of homogene 

nimum tl 

well lead to the use of tl ee aA 
research, Material require t hown | * irc. fuel—0.40 kg 


Reactors vs Other Nuclear Machines 





{ 
ae) 


ng to how much money an | moh doand a rding 
objectives are, a rene l I Kl] i TeTratol ild be dic- 
Here, for four price ranges, 1s a s <planatory anal a, 2e 


Ridge National Laboratory, of the factors involy a decision 


$50,000-$ 100,000 $100,000-$300,000 








Performance Special Versotility Pedo al Performance 
Machine Rating t 9 atin atir rating Machine Rating building? rating atin rating 








Cockcroft Walton Several ma ot 600 kev B Electrostatic 3 mv positive ions No 8 


nerat 
Electrostatic 1.5 to 2 mv electrons No 8 generator 


generator OFT HONS Cyclotron 6 Mev H* or D Marginal 


Cyclotron 18-in 
3 Mev H™ of D 


Betatron or 75 Mev electror Yes 
Synchrotron 


Betotron 25 Mev 
: Reactor 10'? slow flux 


Linear accelerato’ 12 Mev electrons (swimming po 


Reactor 1 kw cont. 10 kw flash e Linear Insufficient experience 


10'*-10 w flux accelerator 


$300,000-$750,000 $750,000-$1, 500,000 








pedagogical Performance 
Machine 


Rating b ng? ating rating rating 
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Electrostatic 5-6 my ert. ve A B 


generator 


Cyclotron 40-in 
10 Mev D 
15 Mev H 


Synchrotron 200 Mev 
electrons 
Reactor 


Insufficient experience 
Linear 


occelerator 
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Secrecy 





By J. G. BECKERLEY 
D ector, Office of Clas 
i NS lfon ‘ I ne } (or 


s1¢ PREMISE In declassifving information related to 


research reactors has been that for effective use 


etor in research it is necessary to have the maxi- 
ible access to technical data on the reactor per se. 
ilt to see how a reactor could be put to best use 
were available were bits of information such as 
itton A: then if shutter omega is opened to posi- 
here will be available a flux of 10! thermal neu- 
em.2” Of course, it could be done this way 
actor operation bv recipe would searcely be 
»researchers. Such a ‘black box” would not 
me addition to a research laboratory. More 
1a procedure would greatly limit the flexibility 
use 

= intent in mind—making available for research 

mportant tool with a minimum of security strings 
major declassification action was undertaken in 
1950. It was a cautious but significant step in opening up 
that until that time had been concealed from non- 
ew There were limitations. The informa- 
issified was restricted to that concerning the 
operation of low-powered units, that is, ones 
\oreove 


f the inherent closer relationship between highly 


tens of kilowatts of heat generated. 


undiluted units and the weapons business and 
have distinct advantages in most research 
mly thermal reactors were involved.  Fur- 
it appeared unlikely that reactor fuels would be 
red in university or off-project facilities, the 
ition was confined to fuel geometry and did not 
ita on fabrication o1 techniques ol manutacture 
reactor components. 
th these limitations the 1950 declassification 
substantial. All information necessary to the design 
operation of the first three Chicago reactors as well as 
Alamos water boilers was published. At the same 
nuclear data for uranium and its isotopes were 
at is, those data needed in the design of the 
declassified reactors. This latter action was 
lished in two separate steps with a large part of 
ear data being released in 1951. 
e the 1950-51 declassification of low-power research 
ve have released further information on other 
units. Thus the “swimming pool” reactor, the 
thermal test reactor, and the North American 
us enriched-uranium, graphite-moderated reac- 
heen deseribed with reasonable complete ness 
literature, 
on we have tried to publish, beginning in 1950 
on on other reactors of interest in research activi- 
the X-10 reactor has been essentially all 
d. Only fuel element details and a few odds 
remain classified at Brookhaven. The radiation 
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field of the Materials Testing Reactor h: oo 
described in the open literature. Certain limited basic 
data concerning the Experimental Bree 

been published. These reactors are ot 

level that it is unlikely that universities wil 

such facilities in the near future. Deel 

formation on these higher power units has been based ¢ 
the desirability of encouraging broader participation 

In addition 


1 1 


edge of such data is a prerequisite to the healthy g 


the Commission’s research activities 


the national nuclear energy industry 

There are a number of technical activities a- 
with reactor development which can be conducted 
arately from reactor building itself. One of thes« 
technology of liquid metal use as reactor coolants 
been reported rather fully in the open literature. This 
appears to be essential to the long-term development 
the necessary engineering skills and understanding. Con- 
centration of reactor engineering skills in a few hands 
risky and might mean that we would be unable to accom 
plish any rapid expansion in our reactor program 
such expansion evel become urgent, 

One field related to reactor devel pment and 
stuntial interest to basie research is that ot 
damage, We have undoubted! been too conservative | 
our declassification of radiation effects data. This should 
not be of anv concern to research reactor groups since all 
information pertinent to the levels of exposure in a 
posed university reactors has been released Qdnily 
on radiation effects on reactor materials for high 
posures, say 10°° epithermal neutrons per square 
meter and higher, are we reluctant to declassify 
substances of pure research interest, such as, gold-copy 
alloys, single crystals, ete., even high exposure data 
declassified 

All in all, I believe it is true that those interested in the 
design and operation of research reactors for university use 
will find ample information in the open literature for the 
research staff. As far as the reactor designers are con- 
cerned, I believe they should be cleared for aecess to ot he 
reactor data not vet declassified. This appears essential 
for a thorough understanding of such considerations s 
alternate designs, behavior under unusual conditions, et 
In addition there is a psychological factor involved: one } 
more confident in a reactor design knowing that the ce 
signers were not arbitrarily limited by declassification rules 
in their access to necessary tec hnical information 

I should like to offer encouragement to those planning a 
project: for the construction and operation of a researc! 
reactor The security and classification problems are not 
as great as is believed. The reactor at Raleigh is a testi- 
monial to the fact that unclassified operation of a reactor 


on a university campus is possible, 
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Safety Problems 





By C. ROGERS McCULLOUGH 


1EC Advisory Cor tee on Reactor S 





(') Comp Si. / \/ 


THERE ARE TWO MAIN HAZ ( t eact 


The first is the possibility that the nuel exction Wi How the Safeguards Committee Operates 





yet out of control, the r et r high level 
In an exceedingly short t t t lhe ¢ ( ‘ t ‘ Ore pnt 
melt or vaporize \ ttle ( fo ul ilention 1 r / 08 [he 
of any existing or propose enct ISIT t damage ently de hat the provat I is and 
as a result of a run-away nuele tol ( tain no proolems can be Joresee? Lt that time n attempt 
university campus should | f t h there is made bo b the q buon Mvcn req . ering and 
anv real possibility ot the pe 0 proo nich need v hefore the 
The seeond problem that re t tore ip fission Committee can make agment the | ra 
products, which are exceeding nou ibstances involved, Finally, a forme Hazards Summary Re- 
If these extremely toxie mat re permitted to get out er omilled to the ¢ mittee for consideration 
of the reactor enclosure, even in minute a int person wile Hor Pre manly favoraole fo vl the 
and other forms of life v be se l | wed The Hazards Summary Report is required before the 
toxie effect of fission product three mtotwo billbon eacl start operation By proceeding in this manne 
times as great as the most potent ndustria pDoOSOn al the time when the final evaluation must be made, there 
chlorine | ven compared ft nee ( benzidine should be a satisfacto f solutior of a but minor prob- 
and naphthvlamine, the re 2-20 n times as deadly ems and the reactor can be completed and go into oper- 
It turns out that reactor tthe tvpe that e of most itio? uh the assurance of reasonable risk on the 
interest for research purpose vhen prope lesigned and part of the owner na erators and AEC 
operated are quite stable ! nt ble ft it nuclear aa a ae ae ™ 
point-ol-view Phe pe Die | t ! it to be the 
possibility of chemical reaetior example, the possible : = 
; it the Idaho National Reactor Testing Station is a very 
reaction of aluminum with wate I enct hould ee ee : ' 
occur to anv extent the po e hent ele ( ind evel e ae soamneapehed a area ang es problem 
cuniesine saleht hie cuffictenl ash ribieann: Elan clsieldl ie must not lose sight of the tact that the amount of 
and cause the release of { 1) loet Whether or not products 1s direct proportional to the integrated 
such reactions can in fact take 4 ( bable the heat . the . betwee! ( t changes 
are, and what the consequence wht be » mations Pherefore, the ert er that one erate r 
considerable controve (, l ( ( eeu l 4s ss - _ , — Lcd , 
lating data on this subject ! etu r ! il ( ai ; : nu lets are 
at some reasonable appre tior t ( 1 find - i wal ha 1 He pract- 
neatis of designing hel ( t | t f not aes ‘ ; tors Phi 
hazard In this connection the out | . t © reauc esigning 
W. OH. Zinn of Argonne Nation | t t su ( eae ee eT ae oaeneve 
it Is an inherently st hine fr ‘ nt 
n { t ( ( I i is 
Nn ¢ Ire t uy tee t ss 
P product 1 esenupe \\ it being dog t t ild 
Air Force Interest seem that at this stage of the art of reactor technology 
that ( t Ss, evel ties lid I } ue 
There are seven reasons why Wright-Patterson Air Force Base . , ting group t ‘ ‘ Te me | 
is interested in building a swimming pool reactor rhea ‘ " The mS t eS 
1. To study radiation damage on materials used in hi , . ° ‘ ; ‘i ered taf 8 
nuclear propulsion systems Se rise ) eg oe , p ; oe 
2. To develop materials F ; — 
3. To study nuclear properties of materials none ie S event pr 
4. To learn about design of shields for aircraft , ng t , t : : ' a ne { Hazardous 
5. To study reactor instrumentation and control ; amass 8 . t t n re t ; iniens to 
6. To carry out radioisotope applications including acti ' st unpl t © are possi- 
vation analysis ties serious SSes ¢ S { ients 
7. To give on-the-job training but the Saleguards Committee believes that proper de- 
sign 1 operat these be r The Com- 
mittee ns to d it it to ‘ ( tors for 
resen it! It be 0 ( eSS Supe itious 
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FIG, 1. 


Fast-neutron counter 


‘0.038 in. capiliory tubing 
stainless steel 27 in. long 


Fast-Neutron Dosimetry in a 
Small Tissue-Equivalent Phantom 


Results directly applicable in biological studies are presented for neutron 


attenuation and dose build-up in tissue. 


Dosimetry of a phantom irradiated by 


Po-B and Po-Be sources was determined with an ethylene-filled proportional counter 


By W. A. MILLS and G. S. HURST 
Health Phusics Di wion 
Oak Ridge 


INCREASED UsE of fast-neutron sources 
in the physical laboratory has shown 
the 
tron 


information on 
and attenuation in 
Ability to express the dose 


need for neu- 
build-up 
tissue. 
receives in terms 


man actually 


of measurements made by a small 
dosimeter placed in air is of consid- 
erable importance, 

Due to the lack of suitable sources 
dosimeters, such 


and fast-neutron 


studies have not been as exhaustive 
as in the case of X-rays and gamma 
rays (1-3). It is that 


tissue irradiated 


well known 


when a medium is 
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Vational Laboratory, Oak Ridae 


T° nrneSSCE 


with X-rays or y-rays, the dose (energy 
dissipated in a gram of tissue) just 
below the surface of the tissue is greater 
than the dose that would be measured 
at this same point if the tissue were 
replaced by air. This increase in dose 
is referred to as build-up. 

Depth-dose curves for neutrons of 
various energies have been calculated 
by Snyder and Neufeld (4) by means 
of the Monte Carlo method. In these 
calculations, a 30-cm slab of tissue was 
used as a model for the human body 
directed 
1 n/cm?/see entering the slab. 


with a normally beam of 


Barr (5), 


Snyder and 


to verify the results of 
Neufeld, experimentally 
determined depth-dose curves for a 
30-cm slab of tissue-equivalent mate- 
Po-B) fast- 


neutron source was placed at distances 


rial. A polonium-boron 
from 6 to 197 em from the center of a 
cvlindrical tank of 2-meter diameter. 
The object of the work reported 
herein was to determine the dose deliv- 
15.2 


x 28cm), comparable in size to a small 


ered to a small phantom (15.2 > 


animal or to a human head, by fast 
neutrons from two sources with differ- 
The results can 
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ent energy spectra. 














then be compared to thos | t nt vith the center as the origin An « il equat is formu- 
see if there are appreciable iHerence thie inter Was moved I po - t I the ce ‘ ( se nip 
in the depth-dose curve ie to the linate iXes Measurements — of the cente ine in tl t the 
difference in phantom siz e rates were taken at radii of 0, 3 phantom axis, for each soure Phis 

ey ind S.2 em and at 15-deg inter- ‘ il equation e expressed as 
Measurement Method Measurements in air were also ; 

The phantom Was miude | ( ! taken at the same positions | [3 
; i . D+ KX 

aluminum container wit! ter Also shown in Fig. 3 is the paraffin 
crose, and urea in suc | thor re ised to shadow the counter vhere / lose t r thie 
that the solution contained the pe gainst the primary beam of neutrons phant it a dept Y from phan- 
cent-bv-weight figures in the t ( ilessurements with and without the t nt surtace, / se ite at 
where &@ COMPArison W t! ( ure et ne gave an indication of the scatter- L ¢@i a SOULE ! i D stance 
tissue (6) is made ng into the counter trom the ihora- from source to p htoms mt surrace 


Detecting equipment. The detect t Walls, floor, et Data were B uld-up fact source, and 


used was a proportiona inte btained for each of the irces fon ] the relaxat net 

using ethvlene gas sur rede t thie cuttering in al ind the t llar source in the pl ti 
polyethylene wall, thu t tte ng in the pl intom at JO and Results. Fror thre t t ned 
the Braggy-Gravy principle ( te i) nd oan approximation was ilong the phantor the two con- 
construction is shown i ( ! the seattering at the 2d-em stants Band L ere determined lr 














A pulse integrator ) ( t listance om this data, scattering the <e of the Po-B ice, B () 
record the pulses receive t hi ections were then made for the ind 10.00 ¢1 | the Po-Be 
counter. This instrument ting erates recorded without the irattin source, B 1.33 and L 
of a power supply alse ( ( esent Phe r te at ] n be 
two sealers, gives a counting te 
is proportional to the ti 
terms of roentgens-equ [ 
or reps, per unit) time | [ 
defined as that amount thor | 4 < 

nplifier y 
absorbed to the extent mM ere r met ei pulse ogee. ee ‘ 
gram of tissue Figure 2 i } te J rim | Tj : 
dingram of the experiment tu | ‘ 4 | 

Since only the dose t | —_ i | ee eee 
trons was of interest in these 1 ire | ; acs ba ———— ; 
ments, the counter hig tive ' cs : — | w 
adjusted so that gat ra be | | 
pulses less than the volt ive tiie t ply | | = " — 
discriminator of the pulse integrat i J : ae 
This Wiis clone by ment I ! t-tyt ; _ 
source OF Known strength | t 1 . ' 
fh position a to vive n t 
2 r/hr on the cente ‘ thre nite Chai Siete = 
This check was repeats FIG. 2. Experimental apparatus; counter output recorded b Ise integr r at ri 
to assure the same gar : nih ee ee a ee 
throughout the experiment ————— 

Irradiation arrangement 
sources of fast neutro 3 
the measurements Po-B t t : 
maximum number « ) ; } ce 
Mev, and Po-Be vitl . 
enerey of 1.6 \ley i worer 

It was necessary to t e the ’ == 
effect of the ,-In.-t ! ees ae 
shell used as the solutior t 
Measurements taken « thre , > ~~. W] 82cm to center 
the shell, with the Ngo ey SSemtocenter Femme FO mm 

ee ; , a ie Se nm to cente «, F .* | orf *K< 
were Compared \\ } je } e me ‘ | ° oy 
taken in an No signif t ge eee al a 

ee. 
was found . 7 . 

Figure 3 shows. the ici om 
rangement used ! t lr : 
measurements. The j , 
at distances of 25. 50 ! (i id 1 
the center of the pl { t FIG, 3 Irradiation arrangement; cross section of phantom shows positions of counter 
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flux 


em*/sec, 


the neutron 
of neutrons 
dissipated in’ tissue, 
dissipated has been mens- 
10-* rep/n/em? for a 
a xX 
source (17). 


neutrons 


rep on 
The 


em? sec 


Po-B 
flux 


L the dose per neutron/cem® 


f the 
ite in terms of repysec, 
racy of the fit of Hq. 1 can 

the curves given in Fig. 4, 
NX; 7 is in 
The dashed 


the au dose rate as a plot 


lotted against 


ounting rate 


square law 


neglect small effeet of au 


attenuation wD XN) where p lin- 


. The points 


ear abse rption coetheient 


show the figures are the experi- 


menta tlues obtained in the measure- 


ments Although all counting rates 


were of such magnitude as to give a 
statistical erro! I o'” 
f the system might make 


10°) in 


slight changes 
error. as large us 


sone 


Conclusion 


) ising the larger phantom, 
it the build-up at the surface 
i that the relaxation length 
ile values reported here 

1.20 and a relaxation 

In both cases, the 

anda 


ixture was the same 


ree Was used in the radiation 
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The the results can be 
attributed to the pl antom size, 

The results of this work 
the Bart Snvdetr 


Neufeld, can be used as presented for 


difference in 


as well as 


results of and and 


biological and medical studies in ap- 


plicable circumstances.  Towever, the 


use of the results for health physies 


problems of “survey-monitoring”’ re- 


quires a word of clarification. 


Suppose it is desired to measure the 
neutrons in an area where 


established. 


‘ose”’ ol 
the 


The poran edure t 


working time is to be 
it should be followed 
is, first, calibrate a neutron dosimeter 
inair, either by using a “first collision” 


calculation to determine the incident 


from a known source or by meas- 
the 
absolute units with a 


When the instrument 


uring dose independently and in 


standard” neu- 
tron dosimeter. 
is then placed at the point in question, 
the dose rate at that 


it will measure 


potnt sana under those conditions. 





Comparison between Phantom Tissue 
and Average Wet Tissue 


/ weight 


Owvgen 
Carbon 
Hydrogen 


Nitrogen 





Depth-dose curves for Po-B and Po-Be sources; counting rates are proportional to rep, sec 


If a man is placed at this point, hi 
surface dose rate will increase, due to 
ah amount depending on 
Adjustment of 


made either by 


build-up hy 
the 
this factor 


neutron energy 


should be 
the dose itor 


with a pl 


mewsuring 
results ol 


the 


present or by using the 


phantom mensurements, suel aS 
ones reported, in lowering the working 
In the interest of 


fuctor 


time, CONSISTOCTIES 
the 
upplied to the 
that 


measure 


build-up should not be 


Instrument calibration, 
the 


the 


in order instrument will 


always correct 


the site where it is placed 


authors are 


The 
helpful 


greatesu fe 
and the a thle 
and J 1 


suggestions 
ance given by 7 1. Ba 
of the Oak Ridge Nationa Lal 
Health Physics Division ai Ridge 
al Lahoratory ts yperated fo liom 

fommisagion hy the C'arhidse 


Chemicals Company 
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Irradiation facilities, control and 
cooling systems, and general 
design of the MTR are described 
in this article. Located at the 
National Reactor Testing Station, 
it provides radiation intensities 


close to those expected in 


future power reactors 
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Orthogonal projection of the Materials Testing Reactor showing center-plane plan and cutaways of core and tank 
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The Materials Testing Reactor 


By JOHN R. HUFFMAN 
Atomic Energy Divison 

Phillip 
Idaho Falls, Idaho 


> ) ’ 
Petrole im Con pany 


THE HIGHEST NEUTRON FLUX of any 


oW 1n existence is available in 
the Materials Testing 


reactor n 
feactor, 
Designed primarily for testing mate- 
rials and components in high-intensity 
about 100 


Several 


radiation, it has experi 


mentu holes, holes can be 


used to irradiate reactor components, 


such as fuel assemblies, under simu- 
lated operating conditions of tempera- 
ture, pressure, and particular coolant. 
This article describes the Materials 
Testing Reactor design—with partic- 


ular emphasis on its experimental 


facilities 


THE REACTOR 


The MTR operates on thermal neu- 


trons and uses enriched uranium = as 


fuel, ordinary water as both moderator 
and beryllium as reflector. 
It operates at 30,000 kw. 


Because of its 


and coolant 


high specific powel 


heat developed, unit weight of fuel), 
average neutron fluxes of 2 10'4 ther- 
and 1 10% 


available. 


mia neutrons, em? sec 
fast me 
Peak thermal 


10'? nyem 


utrons em-,sec are 


neutron fluxes of 5 
sec exist in certain reflector 
positions 

The reactor has a heterogeneous lat- 
uel 
elements are arranged to allow water to 
flow them to both 


coolant moderator. active 


tice using enriched 


uranium, 


bet ween serve as 


The 


be located nus desired 


and 
core can within 
which is 40 &* 70 em in 
The 


hottom of each fuel element fits into a 


the lattice 


section and 60 em high. 


socket in a grid base; another grid fits 
over the tops of the elements to space 
at the top Fe 8 


them Figs 


Surrounding the small, enriched 


lattice is a 3-ft-high primary reflector 


The 


with 


onsisting of beryllium metal. 


reflector is perforated vertically 


holes through which 


imeter 
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Materials 
can be inserted in the beryllium ;assem- 
blies to make 

leakage neutrons 


water passes to remove heat. 
experimental use of 


lattice and 
reflector is mounted in a tank svstem 
that 
their bearings, and the coolant-modera- 
The section of the tank 
around the lattice is made of aluminum 


The whole assembly of 


also contains the control rods, 


tor water 


lin. thick and has an inner diameter of 
j44y in. It is extended by 
steel both 


the active portion of the reactor, form- 


stainless 


sections above and below 
that is always 
Water enters the 
15 ft above the lattice and 
leaves at the sides of the well abeut 5 


ft below the lattice. 


ing a 30-ft-deep “well” 
kept full of water 


well about 


The reactor tank is closed top and 
lead-filled (1 1-in.- 
The driving 


bottom by heavy 


laver of shot) steel plugs 


mechanisms for the control rods are 


mounted on the top plug. This plug 
when the reactor is 
to load or 


ean be removed 
shut down unload fuel ele- 
ments or reflector sections. 

Unloading of radioactive items. is 
accomplished through 20 ft of water 
using hand 


The objects are lifted 


(dose <0.1 r/8S hr by 


grappling tools. 





Uses and Importance 


Power reactors of the future will 
have high specific powers (watts gm 
of fuel) so as to conserve uranium 
and improve breeding. The MIR 
is used to test materials and com- 
ponents for these high-flux reac- 
tors. Also, the MIR is useful for 
experimental nuclear physics stud- 
ies and forradioisotope production. 





just above the beryllium reflector and 
moved to a position directly over a hole 
through the reflector that is filled with 
a beryllium plug during reactor opera 
Beneath this 


discharge tube 


tion. hole is a water- 
filled 
receiving tube in an IS-ft-deep canal. 


the tank 


replaced without dismantling 


leading to a 


The aluminum section of 
ean he 
graphite 


Major portions — of the 


or shielding. Components within the 
highlv-active zone in the reactor are 
short- 
Thus, 


identical 


made of materials having 


lived induced radioactivities 


another ivpe of reactor (ol 


external dimensions) can be inserted in 
the hole left by the removal of the pres- 
ent reactor tank, 

having 
above 10% 


reflector of 


To provide additional space 


thermal neutron fluxes 


n/em?/sec, a secondary 
graphite is placed outside the reactor 
tank. 
changes due to radiation, oxidation, and 
dictated 
graphite reflector into two zones: a peb- 


The possibility of dimensional 


temperature dividing the 
ble zone extending a minimum of 50 em 
from the reactor tank wall, and a per- 
manent graphite zone 12 * 14 ft by 
91. ft high. 

The pebble zone, 7's 
ft high, is filled with 700,000 graphite 
The 


upw urd 


ft square by 9 


l-in.-diameter pebbles pebbles 


are free to expand without 
exerting undue stress on the tank wall 
or the 


pebbles are damaged 


graphite. If the 
they 


permanent 
ean be re- 
moved through two discharge chutes 
and replaced. 

The permanent reflector is composed 
fin. rectangular graph- 
of Os ft. 


largely of 4 
ite bars stacked to 
This graphite structure 


a height 
penetrated 
Vy vertical holes that can be used for 
experimental purposes or for cooling. 
The sides are penetrated by holes de- 


signed especially for experimental uses, 


21 





Surrounding the graphite t | i ove vrou , through a stack. 


mal shield consisting of tw t-j1 Ve ve ca ised by 


of steel that absorb most « hie | t “At : t | he total 


ing neutrons and residu tio! - th { eveloped i ’ ' al must 


energy trom the reactor ( f ] ils le fission \ nd neutron- 

are spaced 4. in. apart 

“ir passage Tor Cooiuny 

shield is approximatel 

12'. tt higt 
hinal t baryte 

iIs™ (h5 

thick reduces 

1 low instrument backg! 

lower than humus 

factor of LO The outer 
the structure form rou 


cube 


COOLING 


When the total renetor 
30,000 kw of heat energ 
tunlly deve oped im the 


2S SOO KWoin the fuel 


graphite 

and about 2 
The react 

reflector 


Cutaway of reactor tank assembly 


water flowing t f 20.000 
rhiin 
high he 


renetor 


hace sincte tes: r fh Ny ‘ { ! He (yp) ) | iction 
then el = M/s aT Ee PLOW! ! CU e it tically limut 
tank by 10,000-g 
prutiaps 
trom ot 
then 


FIG. 3. Gamma-heat generation rate midplane for 30-Mw operation. Curves are shaded area boundaries 
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Radiation Detectors on the MTR* 


plate ion chamber 


ehamber 


see NU 


Safety 
Log N (ne 


signals 


ind serve 


utron mometer 


Counting-rate signal 
Activity of N 
Water-sampl monitor 


"in water 


Neutron flux in graphite 


June 753, p. 35 





a motorized rheostat 


nenetic ¢ lutches on the 

is bused on an elec- 
hat measures the time 
f the logarithm of the neu- 
the 
mut 1°) of the normal operat- 


Reduction of powe! 


- niuauble ihn emergencies in 


re drastic scram might not 
Reduction is brought 


Instruments 


sIgtiiais Irom 
ng neutron flux and from moni- 


-water activity, cooling- 


ity eX rimental facilities, 
ment elements, etc. Seram (com- 


shuts eome trom 


the 


own signals 


nts indicating neutron- 
from a few eritical moni- 
hose for cooling-water 
serve as step-by-step 
erator to prevent seri- 
jwirements are met by 
hat controls the 
gulating rod whose 
tates movement of 
itselt 


regulating rod 


O°) renetivity less 
f delaved neutrons) for 


Phis 


that 


small effective- 


nu servomecha- 
cannot make the 


Cul 


Regulating Rods 
\lt wh one regul 


iting rod is sutti- 
of the reactor it 
ided Four locations 
reflector are avail; 
Fac} 
ontainms a 


\W ith 


rod is 

25-1n.- 
Cocnitiin 
iless-steel tubing 
n the upper and 
Total 


weight of 
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the rod and connecting shaft ts upprox- 


imately 55 Ib 
The rod is driven by a 


high-starting-torg ie d-e electric motor 


low-inertia 


through « pinion and rack on the rod. 


The motor is driven by an 
Shim, Safety Rods 
eight ror 


reactor la 


stripplyedy 
EERO SLEAS 


Tie 


spaces are 


ttice sufetv rods 


all need not be » shim rods 


are driven mechanics \ i Worm 





Xenon Poisoning 


The operator must quickly get 
the reactor going again after acci- 
dental shutdown from steady, high- 
power operation or it will not start 
for about two days. 

The difficulty is caused by the 
buildup of the high cross section 
Xe'*° after shutdown (during oper- 
ation, Xe'’’ does not buildup in 
concentrations sufficient to cause 
a reactivity loss of more than 4°, 
Ak k because it is destroyed by ab- 
sorption of neutrons soon after the 
atoms are formed). The Xe 
(9.4 hr half-life) is a decay product 
of the fission product |'*° (6.6 hr 
half-life). A reactivity loss of 9’ ; 
builds up within the first hour after 
shutdown, 16‘, within 2 hr, and 
the maximum loss occurs after 
10 hr. After 48 hr the reactivity 
is only a few per cent less than 
during steady operation at 30,000 
kw. After 63 hr the reactivity is 
equal to that sustained 
operation. 


during 





drive and reversible 3-phase induction 
controlled by 


that 


motors remotel\ revers- 
are electrically 
The 


Litiiit 


Ing contactors 


and mechanically interlocked. 


drives have upper and 
The 


motor 


owe! 
switches, ndvantage of ie ine 
duetion is that no ace 


make it run in excess of 
speed; therefore, the 
speed withdrawal ot 


rod 


quired 


ix eliminated 
during reve 
drive mechanism 
locking features ot 
screw. 

To provide the scram or safety fea- 


ture for the shim safety rods, an elee- 


tromagnetic bipolar ol horseshoe 


coupling is used between the vertical 


Phe 


is wound with 3,500 turns of 


lifting shaft and the rods hiagnet 
hne 
<o that a 100-ma current will hold a 


SOO th It releases a 6O0-lb 


wire 


load of 
load held at 140 ma in 
The 
tube that releases the mag 


current is suppled by a vacuum 


net when the 


grid becomes less positive than usual 


The time lag 0.02 se in the release 


of the shim rod by the magneti 


coup- 


short enough that the chain 


ling Is 
reaction will be stopped sately even i 


the operator inadvertently is withdraw- 


ing the shim rods at their maximum 


with the reactor supe 


rate rpromprt 
critical 
\ perions 


de-energizing the on 
and letting the rods ah f th rik 


signal 


clutches 


meter 


meter 


ix less than | se 
to be 


CHUSeS 
the shim rods then 
motors when the period s than 4 
see, 
The safety seram. circuits 

they are not n 
The a 
and 


but also tell where it 


alarm when perfect 


operating condition ints mai 


cate not only failure incipient 


failure occurs oF 


is likely to oceur (e.g ort cireuit 
Inthe e: » weak 

As the 
they bring 
Rach rod has : 


section 


tite 


1 powell 
ral ed 
lattice 


in the 


shim sufet ron ire 
fuel sections into the 
sheet 
Upper 
the 


Inttice whet 


shock absor 


lower 


extended top and better 


hollow 


squ ive 
The 


iture tor 


stainless stee ( latis 


the rod forms 


top ol 


the magneti lutel ind the bottom 


forms a taper On emer- 
energ 


‘rred to 
vuter fore ut of a dashpot by the 
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rency 


resulting 





information to the operator and to the 


control system: reactor instruments 


lower in ; iiahin’ reminy ; < ged atheros measuring neutron flux or power level, 


and power instru 7 reriod pee ecessor operation supervised by rod-position and -motion indicators, 


and instruments for the auxiliary 

rate meter 
major portio 
speed available Reactor instruments include radia- 
omes critical below 
6 


pto about 


faciuties 


tion instruments (listed in Table 1) 
measuring neutron level in the reactor 
Lower limit 
sr and radioactivity in the water; instru- 
rate meter 

ments measuring exit-water tempera- 


ture distribution across the active 


lattice temperatures in the thermal 


al and biological shields: and Pitot tubes 


FIG. 4. Instruments used in various power ranges measuring distribution of water flow 
iwross the bottom (exit of the fuel 


tapered plunger on the rod eactor tank plug. The dashpots are ements Figure 4 shows the relation 
Graphite-faced guides wi ler n the bottom of the reactor tank. between power (or neutron) level and 
bearings are mounted the choice of instrument and control 


the f Instrumentation action in four definite ranges 


above and below 
rp I rous » hmometri adevi » $ > 
They are in guide support grid id Neutron-flux signals for operating mus thern ‘ ut ire 
observing temperatures in 


of the reactor Thermo- 


are lubricated by the cor r water the control circuits come from 10 to 14 
The motors, drive mechanisms, po nstruments located in the 10 instru- 
tion indicators limit switches ( ment holes provided in the reactor m the inlet nd outlet water 
associated with both the regulating and — structure neasure temperature rise, which 
the shim rods are located on top of t Three groups of instruments furnish itiplied by the total water flow 

isured by a Venturi flowmeter 


e power absorbed trom the 





TABLE 2. Summary of MTR Experimental Facilities 


Irregularities in cooling-air pressure 
and in radioactivity in the au 

“are reported to the operator by 

1 pproach alarms Air-flow failure causes a mild 
automatic safety action (slow setback) 
HB 3 6-in. TD a ( »>CO ‘ To make reactor operation free trom 
HB4-6 6-in. TD in Be Or ? ye effects of transient disturbances or out- 
HG, 2 8-in. ID ora ages on the purchased-power lines 


’ ih an : electrical power for the control system 
HG3, 4 l-in. ID) N-S horiz. throug! 
graphite 
HG5, 6 Horiz. to tank wall 
Haag Ou Hor to tank wall 
HT! < in Horiz. through tank ‘ converters on the power supply In 


is obtained from a special supply. It 
consists of two alternators operated 
from storage batteries charged by two 
H12, 3 Vea | horiz. through normal operation, one alternator sup- 


lies instrument-bus voltage, and the 


vcross T2 ‘ ? other supplies relay-bus voltage 
» Pb window x i 
r2 . IRRADIATION FACILITIES 
wtor top to T2 A Jarge and varied assortment. of 
ID oriz. through tank 
t-in. ID orl o tank 
H-in. ID ( {1 down to tank 


x 


tS te th te 


“- 


flexible irradiation facilities is available 
in the MTR. Table 2 summarizes 
these facilities and gives the estimated 
és0. 35 ee ee tank maximum neutron fluxes in each 
These are the fluxes in the unperturbed 
condition; they are affected by mate- 
ils in test equipment inserted either 
facility or in adjacent. facili- 

Thev are also affected bv the 


the reactor core in the lat- 


5 shows the estimated ther- 
neutron fluxes throughout the 
structure at the geometric ver- 


ceenteriine ot the lattice, Fluxes 
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in the reflector positions, the horizontal 
and the shuttle tubes are 
fast neutron flux 
fast in the reflector, ex- 


beam holes 
highest Since the 
falls off very 
periments must be located in the fuel 
zone to obtain the highest fast fluxes. 
The flux distribution in the vertical 
direction is roughly a cosine over the 
height of the reflector. 
Because of perturbations due to ex- 


reactor and 
periments and because of the position 
of the control rods during operation, 
this 
quite distorted 


cosine distribution can become 
And, since fuel is con- 
tinually burned up, the neutron fluxes 
will vary somewhat during operation. 


Hence, values given are only estimates. 


Reflector Positions 
the reflector 
moved from inside the reactor tank and 


sections ol can be re- 
test items irradiated in the vacant posi- 
tions. Special beryllium or aluminum 
reflector pieces with proper-size holes to 
h indle the test 


ly, experiments in these posi- 


equipment are used. 


General 
tions are of the “pre-post” type, Le., 


they are inspected before and after 


exposure and do not require any 


interconnections during — irradiation. 


However a few small tubes for 


thermocouple leads, electrical leads 


and very small coolant pipes can be 


brought out through the tank access 


holes 


Horizontal, Downbeam Holes 
There are 17) main 


They 


experimental 


are accessible at the outer 





Thermal Neutron Flux 
Highest Outside Core 


The MITR's maximum slow neu- 
tron flux exists, not in the active 
portion of the reactor, but in the 
adjacent reflector. This is due to 
the high neutron leakage from the 
MITR's core and because the ab- 
sorption cross section per unit 
volume of the beryllium is less than 
that of the core material. Neutrons 
thermalized in the reflector live 
longer than those becoming slow in 
the core. Extent of rise depends 
on reactor shape—is greatest for a 
slab-type of loading (where leak- 
age is greatest) and least for a cy- 
lindrical loading. Maximum rise 
is about twice average core flux. 





concrete shield face and extend inward 


to the reactor tank wall or, in some 


eases, to the reactor lattice through 
thimbles in the tank (Fig. 1). 


Since these holes penetrate to the 


reactol 


highest flux in the reactor and provide 
the largest streams of radiations from 
the reactor, they are potentially dan- 
gerous: their use is difficult and com- 
plicated. Fach has a special radiation 
door whose purpose is to minimize dan- 
ger to personnel in the reactor building 


during the loading and unloading of 




















shielding plugs in the irradiation holes. 

The horizontal beam holes (HB) ex- 
tend horizontally from the shield face 
to the active lattice. Holes HB2 and 
HB5 are S in. in diameter to the reactor 
tank and 6 in. in diameter from there to 
lattice. The other HB 
6 in. in diameter throughout 


the active 
holes are 
their lengths. 

The downbeam holes (DB) are ex- 
tended lattice by 
2-in.-ID 
cans in the beryllium reflector. 


essentially to the 


sealed air-filled aluminum 
The horizontal through hole (HTI 
shield face to the 


goes through the 


from 
lace It 
reactor tank and is adjacent to one side 


extends one 


opposite 


of the active lattice 
In addition to the main experimental 
holes, 
through-holes in the 
of these, HG to HG4 


other two 


there are six more horizontal 


graphite Four 
ire tor experi- 


H12 


control 


mental work: the 
HIS, are for 


instruments 


reactor 


and 

The beam holes are filled with long 
close-fitting plugs to complete the 
shield of the The 
plugs are made of beryllium where thes 
reflector, of 
graphite in the graphite reflector 


reactol parts of 


reside in the beryllium 
iron 
through the thermal shield and con- 
crete in the biological shield. Because 
of heat evolved in their beryllium see- 
HB plug 


svstem For 


tions, each 


has its own 


water cooling experi- 


mental work, a new plug must be 


designed and built with the test equip- 
ment attached to the front-end or em- 



















































































FIG. 5. 
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Thermal neutron flux pattern at reactor midplane for 30-Mw operation. 





Curves are shaded area boundaries 








bedded n tl plug ! ( +1 he buildup of xenor 

cooled I r shutdown is such that 
Since portions of any y ! et ITR nnot be started for 7O-SO hrs 

thermal shield) beeon | | ( ol in 15-30 min shutdow! 


NeTIVE heavy lead-shie IMnpractical Co ¢ 


required for removing thet 11.000 
Ib-Suniversal coffin 
horizontal beam p 


of the coffin has 101 


curately aligned v t hie ( he eakdowns require their 1 


lend door of the 


‘ eaft ' Vertical Holes 


plug is pulled inte 


radiation door in the rea t ture The MTR has 


and the 
closed. The 
coffin to a plug 
the buildings 

Since tl 
renctor sti 
erent shuele 
tion, the reme Lot y tf () ( these holes are 6-1n. thimbles ex 
only cluring ~hutdowr r t thre ( t-wate! nes 
anotthe ! sont Vii Oeli ng ! l ea ny eN vater neti 
loading equipmet ay materia 1! t (| I imima-flunx fr 
these holes ! fect til ! aL i | 1 square penetrating 
must wait on times when the react to the inside tip of the HG9 hole 
is normal shut cows rT ( y tl igh the thermal column 


plenisha el tis > ( thie Chie < 2-11 holes penetrate 





Design History of the MTR 


1945, December: Design and development of high-flux reactor started 
at Oak Ridge National Laboratory. 


1946, August: Preliminary design of MIR had crystallized. Final 
design and development were joint enterprise of 


ORNL and Argonne National Laboratory. 


Engineering design started by Chemical Plants Divi- 
sion of Blaw-Knox Construction Company. 


1949, July: 


Ground broken at National Reactor Testing Station 
(Idaho) by The Fluor Corporation, Ltd. 


1950, May: 


1950, November: Phillips Petroleum Company appointed operating 
contractor under jurisdiction of AEC’s Idaho Falls 
office 


1952, February: 
1952, March 31: 
1952, May 22: 


Reactor and plant ready for initial testing. 
Reactor achieved criticality. 
Full design power attained. 


The MTR has operated smoothly for nearly 2 years with almost no loss 
of time due to shutdowns except those constituting a regular part of the 
operations program. For description of organization and staffing of 
operations project, see NU, March '53, p. 10 
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Intensity and energy of 7-rays backscattered 
from various materials are important 

in many shielding, absorption, and counting 
problems. This article describes the 


scattered ’-rays as functions of the energy 


of primary ’-radiation and geometry 

















By GERALD J. HINE* and RICHARD C. McCALLi 


Phy and Radioactivity Cente 


J 


FIG. 1. 
crystal, 


Nal (Ti) 
scattering 


Relative 
y-ray 


position of 
source and 


medium 


Gamma-Ray Backscattering 


kKven though y-ray 
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| y-rays that leave problems, vel nvestigations con 


ugh the same suriace cerned wit! v-! backs 
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from different materials, as a funetion 
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according to 
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from a finite ndamental properties of 
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means of a precision counting-rate scatterer and its position relative to ment th Hy as a low energy y-ray 
meter and linear recorder, the pulse the source were varied. source Phe low energ ts of these 
height distribution is automat ; spectra consist not on kscat- 
recorded. If the paper on the re if Various Materials tered radiation but also of the thallium 
is reset so that a fixed relation exist Lead, iron, aluminum, wood, and K X id, in the ease the lead 
between discriminator volts ry te were used as scattering mate- backscattere of the lend fluorescence 
position, a direct comparison the rials Wood and water gave about idiatio Curves obtained with Co®® 
pulse distributions obtained for differ thie ime results Figure 2 shows the y-ravs S| \ backseattering-etfects 
ent experimental condition tierent y-ri energy spectra obtained from Sitiilar t the Cs curves 
scattering materials) is possible This ( th various materials used hve these experiments th various 
superposition of the pulse pectra is Dbackscuttere! Since the Compton rmisate ils it mav be seen that scattering 
time saving and allows a check on re ittering cross section is proportional — effects be minimized ising lead 
producibility of results and. statistics t the number of electrons per unit or lead-coated materials 
to be improved Finally i rect ime, scattering, in general, will be Figure 2 shows that scattered radia- 
energy calibration can be achieved b mum for scatterers with the 9 tion is grouped in two detinite peaks 
this method when the photoelect highest atomie number However rather than ina continuous distribution 
peaks of several y-ray emitters of — since the photoelectric absorption cross sucl vht be expected. The rea- 
known energy are superimposed ection increases very rapidly witl sons for these discrete peaks will be 
No attempt was made to re ee t here ng atomic number and decreas discussed after deseribing the variable 
tering in the source itself or from: the ng photon energy, most of the sceat- geometry experiments 
frame supporting the source and phot tered quanta suffer a photoelectri ; 
multiplier The data labeled no ibsorption before they can escape from Variable Geometry 
backsentterer’’ were obtained unde iseatterer of high atomic number. As In this second set of experiment- 
the following conditions Thinthread esult these two competing proc- wit! ( + . aluminun Wiis 
kept the point source, consisting 1 ‘ es, there will be elements for which chosen is ttering mite Thick- 
radioactive material deposited or t ( the mtensit of the observed scattered hess ot scatterer were varied 
In position 25 em below the Nal | ition is greatest Figure ? shows Figure 4 sl vs the marked ch inges in 
erystal and about 7O em above the that aluminum produces the greatest | spectra ised by increasing the thick- 
table (Fig. | increase in the intensity of the low — ness of a 4 square aluminum back- 
Two types of sceuttering exper ents en part ol the spectrum On the seattere om ‘sy to > I If the 
were performed First, backscattering rt he hand, the lead backscattering — thickne aluminum scatterer is 
materials of different atomic numbers curve nearly coincides with the spec- increase vevond in., the scattered 
were placed in close contact vit] ti wbtained with no backseatterer intensit euses vel itth A <imi- 
Hy ¢€ os and Co® sources In the vitl thre exception of the verv low lar set of irves is show! n big D, 
second group of experiments ilu energ enk due to the lead fluores where the tl Khess of a set o vin 
num was always used as seattering ence lation dries im scatterers is 2 in. and 
material, but the geomet: fo othe Figure 8 shows an identical exper! thie ete ines ft to lloau 
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FIG. 2. Pulse energy spectrum from the 661-Kev 
y-rays of a Cs point in contact with 
various scattering materials 


source 


28 











FIG. 3. 


y-rays of a Hg 


Pulse energy spectrum from the 280-Kev 
point in contact with 
various scattering materials 


source 
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still 
rgest area that can be fitted 


perimental 


intensit\ increases 
“urrangement. 
Furth nerease can be expected when 
1 ( el el 


scattering areus 


\ tive theorets tl explanation 
the sults will be derived 
Phe « gv ol a y-ray alter a Comp- 
{ < given b 
cos ff ‘s . 
hi 
ere energy of the primary 
phot } energy of the scattered 
otor O.511 Mey rest en- 
ergy ¢ the electron, and @ angle 
betwee rections of primary and 
scattered photon. From Eq. 1, the 
ratio of the energy of the scattered 
photon to the primary photon is 
j | ‘ 
fil hiv 
1 + l cos 4 
higd 
The ratio given by Eq. 2 is a function 
not only of #, but also of the energy of 
the primary photon. Therefore, iso- 
topes emitting y-ravs of various ener- 
les e been used in these experi- 
ment nvestigations 
Figure 6 shows the ratio of the ener- 
gies of the scattered to the primary 
inction of scattering angle @ 
ind for various values of the primary 
, energy as given by Eq. 2. 
Figure 7 illustrates the angles in- 
ed in a Compton backscattering 
ee I vhere the seattered y-ray 
trikes the ervstal The primary y-ray 
has an initial direction defined by the 
vile @ ()1 a small range of Possl- 


{ the seattering angle 6 will 


se the scattered y-ray to strike the 
{ be recorded. By exam- 
iL vy. 7, it can be seen that these 
4 must be somewhat larger 
that SU) (7) That is 
ISO 6. ¢@ < ISO i] 
Figure 6 shows that for all energies 
the primary y-rays, the energy of 
the scattered y-ray is nearly constant 
4A vrente than 140 @ < 40 
[} e y-rays emitted from the 
( thin the cone defined by Apex 
cle 2 40°. or 0.468 steradians 
en the same energy as 
{ SO scattered y-rays if de- 
ecte the crystal after a single 
ttering. Since this solid angle cov- 
23 the total scatterer illumi- 
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FIG. 4. Pulse energy spectrum of Co" 
y-rays from a point source in contact with 
aluminum scatterers of different thicknesses. 
Background has not been subtracted 
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FIG. 6. Ratio of the energy of the 
scattered y-ray to that of the primary 


y-ray as a function of scattering angle # 
and for various values of primary y-ray 
energy 


nated by the source and the rest of the 
scattered y-rayvs detected have a broad 
the 


scattered y-ravs 


energy distribution 


the 
intensity 


spectrum ol 


will have an 


maximum at an energy close 


to that of the ISO backseattered 
radiation The table shows that the 
observed energy of the scattering peaks 


agrees with the calculated 
the ISO backscattered 
the different 


the e 


energy ol 
radiation for 
isotopes used in Figs, 2-5. 
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FIG. 5. Pulse energy spectrum of Co’ 
Y-rays from a point source in contact with 
2-in. thick aluminum cylinders of different 


diameters. Background subtracted 
| 
———— WY — = 
Pes 
FIG. 7. Compton collision where the 
scattered y-ray strikes the crystal. Angle 


between primary y-ray and crystal-source 
centerline = @. Angle between primary 


and scattered y-ray A 
finite size of the ervstal, some y-raves 
seattered through slightly less than 


90° are actually counted. Comparison 


of the table and Figs. 2-5 shows good 


riment, 
the seat 


agreement of theory and ¢ XyM 
The lower energy peak of 


tered y-ravs is found to be of an energ 


lower than that of a y-rav that has 
lost the maximum amount of energy 
by a single Compton collision (@ 

ISO Therefore, it must be due to 


double or multiple Compton scattering 


which cannot be distinguished in these 


experiments. If a y-ray, first seat 
tered through an angle 6;, is then 
scattered through an angle @ its 


ittering 


29 


will depend on both se 


energy 











Calculated Energy of Backscattered Radiation = 























The ¢ ‘ yulse energ t he . 
ly t ! th t erg 
‘ ( Uli ent 4 i sponse 
e the Nal | ( t t Ss « 
a f 
hia é / ergies | q served 
Isotope Ve V S ‘ 4 weet Cre re Uist! it il 
4 “ = | t ‘ eDp 
esent thie ‘ t lisit 
Ily? 0 2S0 14 (). | 0 IS] 0 106 0. OSS 
('s 0 661 4 S4 () 2SS 0.135 0.10 Phe sy ia Ue Hit 
Co .. 0.960 0.210 0 it) tol e distingu t t 
| . ded Pee () | 0. 369 0. 157 O.1i ) Lue t ol 
| hy ( lise cist it tained 
* Angle 4 atte ( lie t ( vit] 
sceutt ’ ( i! B 
l v vf el itter- 
ny a , gate the 
nt t i l ~ the 
angles. The  double-scatters ; tantiated | the fact that the scatter (ieomet ind = energy 
can have an energ lower t nt t ofl ble ittering Peak Por Hye : COSI I ns ALLOW is to distinguis! 
i y-ray singly seattered. t s0) SS Ke = verv sma SO4 het we ole na iltiple scattered 
see “double scattering n tal | ; radiation d to give titative 
The geometrical limitation ( nterpretation of the Is experi 
tor detection of sinelv ecattered Source-Scatterer Distance metal Gediase 
no longer exist tor couble ttering An experiment was performed. to Hig tomic-numbe terials like 
Therefore, it seems that tl ( eck the preceding theory The Cs lend ep seatterers ivs of all 
scattering peak is nota true ( it cee Was held ina fixed position wit! energie This is caused by ther high 
broad distribution of pulses that ve (12 & 12 & 2 in vluminu 11 elect ibsorpt t we 
sharply attenuated on the ere! ‘ 1s tterer ata variable listance energ ittered y-ra | ‘ sion 
side by photoelectric absorpt thir behind it. The y-ray energy spectrum of characteristic fluorescent radiation 
the scatterer Figs. 2-5 Refer ensured as a tunction of the dis 1) ee the photoele - ) 
to absorption coefficient curve t t e betwee urce and backseat t ybserve 
various materials shows that t e results are show! Fig. 8 , 
electric absorption coetlicient Cust am been shown 1 eceding } } J 
very rapidly for y-ray energie phs that those ¥ s that kK. Wi 
O.1 Mey Phis explanation thie e the single-scattering peak are Ps “5 ' bh, 0 \ WR ; a 
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nes i te oe perpendicular to t 
Ah tterer. Increas ~~ tin oi ae Progress on Reactor Safety 
Z * ts t ‘ ull ‘ ima DACKS Pre? in- 
the area this cone of y-rays It has been recognized for a long 
] * | ite m the irge aluminum time, since the very beginning of 
| | ttere However, this causes only this business over ten years ago, 
i hn a3 ure in the scattering angle that reactor location is an impor- 
, g J00 i > 05cm nece for the seattered 4 to tant problem and is a difficult prob- 
S f i = t e the erysta The solid angle lem. Progress has been made and 
rive No bockscott the stal as seen from the back is being made, and it does not follow 
: uid 7° s tterer decreases as the source- that reactors which were designed 
8 . } tterer separation increases ; so lewet early in the technology would have 
a wef \' | tere Yy-ravs Will strike the vsta the same degree of safety, so to 
\ Theretore, the intensitv of the singl speak, as the ones that could be 
X\ } te v eak decreases slow! Dut designed now. | believe that it is 
| enmiatins nstant a design problem and with effort 
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0 . ~ : ( t irge extent t those necessary safety will diminish finally 
asl Key iVs Initially directed it to where it wont be an important 
As the sources 1} k ten 
FIG. 8. Pulse energy spectrum of Cs ia _ j 
y-rays from a point source with alumin s 1 
backscatterer at various distances behind it t ‘ fueing i {¢ PSe 











30 April, 1954 - NUCLEONICS 








The Biological Effectiveness 
of Thermal Neutrons on Mice—ll 


Biological effectiveness of 1.37 x 10'’ n/cm> rem was found for neutrons 


of the ‘Water Boiler’’ thermal column compared with 250-kvp X-rays. 


Corrections 


were made for gamma contamination and neutron-sink effect of the mouse group 


By JAMES T. BRENNAN, ”* 
PAYNE S. HARRIS, 7 
ROBERT EMERSON CARTER, 
and WRIGHT H. LANGHAM 
Los Alamos Scientif 


the University of California 


¢ Laboratory 


l \/a \ Verico 
INHERENT GAMMA CONTAMINATION of 
the Los Alamos homogeneous reactor 


thermal column was discussed in Part | 


this article (NU, Feb. 754, p. 1S). 
The purpose of the biological measure- 
ents, described in this second part, 
is to determine R (total biological 
esponse in the live mice) and y¥, (bio- 


the thermal- 


n gamma contamination mrem 


effectiveness of 


Measurement of £ 


When 15 mice are placed in the 
her column exposure cavity, they 
stitute a neutron sink and, there- 


the inherent 


i contamination (¥,). 


re further reduce 
Howeve! 
this influence must be a small one since 


the indirect gamma-de pressing effect of 


the lo ce cannot be greater than that 

ie to the smallest evlindrical lithium 

eld? (3.6 em, see big 15). \eceord- 

o ( herent gamma dose rate to 
*Tr. ( USA Mé Walter Reed Art 

MI Center, Ar Medical Service 

te Sche Washington, D. ( 
M CSA Mé Assigned S452nd 
“WG, Sandia Base, New Mexico 

Niet t} reacts violently with 

It exposed to au 

I ] and st | 
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which the mice were subjected is taken 
to be the same as the dose rate inside 
the bismuth with no 
24.31 


Even 


mice present, 1.e., 
min, 

though the 15 mice do not 
produce a significant depression of v, in 
the region of the cavity, it is still possi- 
ble that, within the small volume oecu- 
pied by the mice, the neutron flux is 
significantly depressed by neutron cap- 
ture in mouse tissue. Indium foils 
were used to investigate this point. 

Indium foils exposed with dead 
mice. Three In foils were placed in the 
graphite cage along with 15 dead mice 
One foil was on the center mouse of the 
middle tier and the other two were on 
mice. 


the periphery of the mass of 


Under these circumstances the fluxes 


observed (n/em? sec) were 1.21 1O" 
in the center tier. 1.50 * 10° in the 
upper tier, and 1.44 * 10'° in the 


lower tier, indicating neutron shielding 
of 330%, 16% and 19Y 


On the average, the flux received by 


respectively. 


each mouse exposed in a group of 15 


mice was 21° less than the flux meas- 














FIG. 20. 
strength 


Intermouse gamma-source 


ured in the empt rhus 
é 0.79. 
Measurement of 7, 

A mouse placed ina thermal-neutron 
flux becomes a gamma source By us- 


ing the experiment il 


19,* it was 


rangement 
shown in Fig. possible to 
measure this intermouse gamma effect 


The measurements were begun with 


the graphite mouse cage empty; 
r-meter readings were tuken as dead 
mice were added to the cage (Fig. 20). 
The iton-chamber reading was due to 


the inherent y-ravs in the column plus 


the radiation dose resulting from the 


mice becoming a gamma source, 
( iused 


(317 gm 


Fifteen dead mice 
an increase of 7.02 r, min in the gamma 


received by the ion chaiber. 


dose 
Each mouse was therefore responsible, 
on the average, for an increase of 0.23 
trom the 


of the 


r/min, The average distance 
center of a mouse to the cente 
ion chamber was 9.2 em, 

Source strength of mouse. rom 
these results, it is possible to eal 
the gamma source stre neth 1M niouse 
as follows 


Hvdrogen-capture y-ravs g ea dose 


rate of O<:Y ry/me hr at a distance ol 
lem (18). Thesource strength of each 
mouse is, therefore, (0.23)(60)(9.2 
9.9 117 me. 

kach mouse in a group ol > Was 
irradiated by 14 such sources. The 
average distance between mice is boo 
ecm. Thetotal intermouse gamma dose 
received by each Miouse then 


31 





FIG. 21. Method of 
250-kvp X-radiation 


exposing mice to 


(14)(117)(9.9) ((6.3)2(3,600 
sec. 

If it is assumed that 2.2-Me 
have an RBE of O.SO, then t 


dose received 


Mouse warma 
dead mouse is O.S0 0.091 
see 

It should be noted that tl 
of 0.09 rem ‘see applies to the 
that were exposed in the presen: 
added neutron sink in the form « 


shield (see Fig 


This added sink wis mot pres 


five-lavered Li 


the live mice were exposed \ 
to the foil data, the dead mice 
selves reduced the neutron fluy 
The magnitude of the sink effec 
five-lavered Li shield (1.85 ¢1 
be seen in Fig. 15, where the 
in ¢Cavitv-neutron gamma fluy 
Net neutron sink. I! 

tron sinks are considered 
independent V ot 

net ettect 
tron flux rene 


about 11, 


Well 
\ Lit 


reaching 
1.8 X 10 

From theoret 

i Thouse In 

should has 

of LIQ) mi 

with the 

117 me 

crude expe 

equation em] lovy 

and also pro 

iInterpretat 

given in the pr 
In the case of 

mouse earl 


greate! thanin 
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FIG. 22. Method of measuring radiation 
dose rate with mouse phantoms 


ents made with the dead mice because 
nm the instance the Li sink was 
The 


0.09 


forme! 


mMerease is y 


0.12 rem see. 


not present 


0.79 0.59 


Handling of Mice 
Sixteen hundred female Swiss mice 


obtained from a commercial source 


vere used in theexperiment. The mice 
vere S-11 weeks of age at the time of 
After a | 


the 1,600 animals were 


2 week period of 


exposure 
acclimatization 
randomized by placing them in a large 
from which they 


i-top box were 


signed to cages aceording to a 
of random numbers The an- 
were caged in groups of 15 with 
ind water in constant 
X-ray exposures re¢ 
ind the thermal colt 


required 2!, days. 


vere accomplished \ 
f 3 davs except ina 

hive mice were expo 
vel The mice 


Colm Were eX pose 


EXP 


The animals tha 


Kposed In twe 


X-Ray Exposure Technique 
[hie X i\ Machine Ust 


P 250-KVP indust: 


The 
nploved for exposure ot animals 
vn in Fig. 21 


istics of the machine 


ripple voltage arrange- 
Operating char- 
avctel and the ex- 
conditions were 


3-mm Al 


u-t 


posure 


| 250-ky peak 
inherent fil- 
0.83-mm_ Al 


HVL in Cu 


rate Iree al ane 


1 5-mia 
tration, O.33-mm = ¢ 


idded filtration, 2.0-mm 


59.6-r, min dose 


m target-to-specimen distance 
rate in the 


Wiis t! ought 


Phe dose rmal column 


order of SO 

le, therefore 

dose rate approach 
ClOSseLV US possible 

-rav dose rate Was measured in 

the mice and cage removed 


the beam, and the center of the 


ion Chamber was placed at that point in 
| 


formerly occupied Dy the centel 


of the top surface of the 


Victoreen 


MOUse Cf 


1}OO-1 


ve 


Three different cham- 


were used, and two l-min measure- 


ments were made with each. Before 


‘iments were started, the ion 


the eX 
electrometer cal- 


National 


chambers and were 


ibrated by the 


Standards 


Sureau of 


The dose 


rate was calculated by up- 


plying the appropriate temperature 


and chamber corrections 


pressure 


The mean of the six measurements was 


59.6 r min with a variation of +3%. 


Periodic checks of the dose rate during 


the davs on which exposures were 


made sh 


mwwed no significant variations. 
Measurement of the dose rate at the 
center ot 


the top surlace of the cage 


the cage filled with masonite 


phantoms (Fig. 22), gave a 


5.5 r/min, which was an in- 
the measurement 
keeping, how- 
the radiation 

s used in this 

rate 


n dose 


ato be sure 


7 
tinh 
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id ower tiers, 


idequate and air was sup- 


rubber hose big a 


ugh re | 
sposed in the middle tier were 
»see if the position in the cage 
nfluence on survival. 


osure times and the 30-day 


ch exposure group are 
nd in Fig. 24. 


were ineluded lor a 


some 


effects of a single 
These 


is the survivors from the 


inl neutrons. 


ire being obser \ ed 


neidenee, and life 


lethality studies 
r level of 25 kw 
control board. 
power Is exponential 
dose 


for the 


mpensate 


The air 


received during build-up, timing was 
started at 


reactor at the end of a run was consid- 


S kw. Shut-down of the 
ered to be instantaneous. 

The assembly used for eXposing the 
in the thermal 
the double-lavered 


mice column included 
bismuth shell seen 
in Figs. 2 and 9. With the two bis- 
muth lids in place, this shell provided a 


continuous shield, 1 in. thick, which 


reduce the inherent y-ray 
The phys- 
ical measurements s| owing the effect ol 


ussed in Part 1. 


served to 
lose received bv the mice 


this shield were dis: 


Lethality Responses 
The probit 23 and 24 


provide the best method of comparing 


bigs 


the slopes of the two dose-response 


curves and also provide the most aecu- 


rate determination of the LID-50 dose 


The slopes of these two probit curves 
are not significantly different as may be 
seen from the probit equations, or by 
superimposing the two curves 

The LD-50 values obtained from the 
equations given in Figs, 23 and 24 were 
is6r of X-rav and 356 see of thermal- 
column exposure. Thus R INH 356 
1.37 rem/see, 
The data in Table 2* show the 


vival 


sur- 


times of mice exposed to both 
From these data 


the dead 


types of radiation 
the mean survival times of 


mice of any group may be caleulated 


Doses of X-ravs and thermal-column 


radiation that were comparable, in the 


sense that they caused the same pet 


cent mortality in 30 days, differed 


* Table 1 is in Part 1 of this article (NI 
Feb. ’54, p. 4S rhe curve of g. oO 
} Table 1 


ised on the data in 





TABLE 2 


Daus atte 


250-kvp X-roys 
(r 
200 
OO) 
1M) 
10 


500 


column irradiation 


— a HP ey 


er posu 


ites death of all animals in the exposure grou 


Survival Times of Mice Exposed to 250-kvp X-rays and to Therma!-Column Radiation 


at ear } dost 
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slightly in that the mir ( Y¥=- 3744134 +15 79770X. 1) of a bioloe vnificant 


Been | when Y=50,dose 


thermal-column  radisat 4864 5r A ial column 


tendency to die earlier at the point of exposu This conel 


Movement During Exposure 
In the calculations employe ( | | | lise ny reen 100-r chamber. 

it was assumed that bv 1 ! t t me The . i the nit t itron dose 
during exposure the on ff ( 15) is based upon the idea it a read- 
averaged out among her Ul } | | | ig f lr ona Victoreen chamber ex- 
21% neutron-shielding effect observed posed fast neutrons indicates a dose 
This ts highly probab nee fabout LOrem. Consequently, in the 
iz 24 26 28 


observed that with an a . 7 pres xperiment il of getting 
Log of Dose 








much 





ing on the graphite ¢ 








to move about active res ha vould have resulted 

When deaths were sco FIG. 23. Probit analysis of 30-day mor- had an appreciable y r-meter 
tality in Swiss mice exposed to 250-kvp 
X-radiation 


that occurred among 


in the middle tier 





arately f exposure 

introduced no bias in 
ratio of deaths among 
in the upper and lowe 
tiers would be S,7 | 
those groups of mis 
Which a fractional mor 
there were 47 deaths 

posed in the middle tis 
among mice exposed 


lower tiers. The ratio is 506. 47 when Y=6 
356 se 





This result is consistent 





4 26 cS Ii} ar is | on issulmMp- 
99 Of Exposure Time tion | been suppor { sequent 


tion of dose due to mo 








during exposure 





Measurement of a FIG. 24, Probit analysis of 30-day mor- 


. tality in Swiss mice exposed to the mixed 
From the results o radiation of thermal column 
ident that the effect 


thermal-column gamin eontaminar \ exposed ubgroups 


can be investigated by wOsing I ! e the six Li shells. The dose ra 


inside a lithium shield tl noug wain : l as 27.2 
to exclude the therma 

Three groups of 15 Sv 
exposed in the graphite 
six largest Li shells sho 
The end plug of the se 
Li shield was used to 
end of the shell asset 

The measured dose rate f ot W w;ints 
Li was 27.2 r min Phire ( ; ; { ~ 9%) | 
IS min and Tl sec were t eC, t e gamma contaminant 
deliver a dose. of 
estimated to be tl 

In the ensuing 
exposed mice «a 
ever, show signs of 
This rather surpi 
that the inherent 4 
column tise iver) 
tiveness relative to X 
it necessary to repeat the 

CF-1 mice. No 
were available, but there 
90 CE-L mice from a 


the XN-rav LID-50 dose 


$92 | Pwo groups of 
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much 


ol course 


yrray 
A | e Hal) (,), 


he absorption portion of 


yvarogen capture 


for 2.2- 


0.025 em 


pton coethcient 


1. 


in tissue ; 


ol a2 mouse, considering 
be a sphere of 21 em® vol- 
cm); G a geometric 
ig the mean escape path 
volume of a sphere to the 
sphere (G 0.75); and 
ngation factor to correct for the 
the mouse is not a sphere but 
length is three 
liameter (L 0.87) (18). 
then, A 1 — 
0.025. Or, in 
the 


created 


1@T whose 
mouse, 


o ot hy- 
gamma energy 


ta mouse Is absorbed 


the formula above it is easily 
S) that. among the abundant 


+ 1 
tissue 


only hy drogen and 


significant contribu- 


make a 
hermal-neutron dose 

ng the elements present in trace 
n tissue, Conger and Giles (8 
17 that, in 


Wits Ol 


found 


or boron an 


In material containing 


m by weight, DZ of 


thsorbed from thermal 


is attributable to capture 
Chus there arises the ques- 


boron content ol 
ind Telford (18) found 


O.0008S C7 of 


Mouse 


contain 


t by colorimetric anal- 


present experiment, a 
inalvsis of the ash of a 
owed <O.001 67 boron 
This 


quantitative 


lithiiom was fol- 


rimet be 


= wer extirpated from 

lixearded. The 
ished and analyzed for 
thium. Parallel 


made on the 


deter- 
ash from 
ise food. The results 
ce minus Gi. IT. tract 
0.000000467 Li, wet 
t: the food contained 0.00207, B 

1 0.0002 ' wet weight 
the 
Q.0001 67 boron on the basis of 


With the 


content of 


Wihg ¢ onsiderations 


rela- 
mouse 
he Huitn 


mav recelve 


Tha trog content of mouse tissue 
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Was taken to be 3°) by weight and the 


hvdrogen content 10% Substitution 
of these values in the equation for eal- 


culating rep/sec gives: 

Hydrogen 

reps sec 
1.42 1Q' 
10-2*)(2.2 X 10° 
0.257 


6.02 « 10 0.32 


0.025)/5.85 1038 


Nitrogen 


rep, sec 
(1.42 
10 24 


0.330 


10! 
0.62 10! 
Boron (assuming homogeneous distri- 
bution) 
ser 
1.42 10! 

10-24) (2.35 & 105 
0.025 


rep 


Total 
thermal 


0.61 


neutrons Is 


The RBE of 
(total 
1.04 


rep BCC. 
then rem 


sec total rep ‘sec 0.61 
1.70. 

If the RBE of 
eapture y-rays 
the 


0 254 


the 2.2-Mev hydrogen- 
is taken to be O.S, then 
due to this 
0.206 


dose component ts 
Then 


the per cent ol total thermal-neutron 
0.206 


OLS) rem sec 
dose due to H-capture ¥ raves Is 
1.04 100 206; The 
or combined R of the 


and oberon alpha 


effective 
nitrogen pro- 
tons particles is 
remy ser 1.04 O.P06 
0.33 0.025 ein) 

The term RBE | 


BU, 21 


] 
baseline or comparisol 


is been defined (19 


ws the ratio rem/rep, where the 
radiation Is ra- 
dium vy-rays filtered by O15 mm ot 
platinum The present ¢ 
Which the baseline radiation is 250-kvp 
X-ray, was well under way before the 
definitions of RBI 
\loreover, it 
have been necessal Hany cuse 


X-ray 


present exyperime 


yperiment, in 


radiim-baseline 
were published would 
to use 
radiation in the 


nt to obtain the dose 


sas the baseline 


ate desired lt t is been possible 
the 
obtained 


to use radium gamma as baseline 


radiation, the RBI's 


presumably 


would 


Other Biological Experiments 


Conger and Giles (8), observing vis- 


ible chromosome abet 


rations in Trade 


scantia found 5 ™& 10 


thermal neutr equivale nt te 


‘his differs from 


the present re factor ol} «a | 
There are dae \ T)t)- ible 


this differences 


rensotis lor 


2. 
HIKE LS 


most 


planation is that two widely 
kinds of 
ng 

In 1944, Zirkle and Raper (4 
that the LD-50 


Wiis 


dilferent 


biologics! response were he- 
observed. 

found 
21 davs) in CF-1 mice 


with a dose of 4.2 


obtained 
10 thermal 
the 
thermal 


neutrons cm 
then 


were 


Under 
conditions of experiment, 
estimated to 
half of the total 
To compare their result with 
this 
necessary to choose some value for the 
LD-50 
to 250-kvp 
taken to be 


ments showed that 


neutrons 
account about 
effect. 


the results given in 


lor 
report, it ds 
21 davs) for CF-1 mice exposed 
X-ravs. If this 
500 r, then thei 
1.2 X 10 


dose 

expert- 
t} erin il 
neutrons ¢m 


gave CqQuUuive 


alent to 250 r or | : ermal 


neutrons, cm value 
with 1.37 & 10 


cm | 


one 
COMPaAres 
neutrons rem found 


present experiment 


Starner, VW Steir 

Phillips, J. R. Beyst 
The chemical analyses 

Cha 

V R- 
During the early stay 

the advantage 


Zirkle of the 


performed by 


Simi of Group € 


of CONS 
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OPERATOR sets network resistors of NACA reactor simulator after ad- 
justing initial current with resistors on measurement panel (right) during 
solution of the multigroup approximation to the neutron age equation. 
Construction, theory and operation of this unit are described for reactor 
designers in this article about 


Using a Reactor Simulator 


for Design Analysis 


By R. B. SPOONER® 
Nuclea lpp tlions Gro 
The Gl 

Baltimore, 


CRITICALITY CONDITION 


distribution of neutrons 
are generally caleulated 1 
group approximation 
1 2 


desc ribed 


age 


equation 


simuliutor 


* Until rec 
the engineering 
Advisory Committ 
Cleveland, O 


ently the autl 
ber ot 
tional 


natties 


36 


urrents 
rocesses In a 


lly gives solutions for the numert- 


integration of the unidimensional 


} 


tigroup approximation, The simu 


is a linear electrical resistance 


stem of flexible design. 
| qu itions will be develope d to cle Ih 


onstrate the analogies between electri 


network and neutron 


reactor, 


in the 
as well as 


tween resistol values in t! e network 


ym diffusion 


operties ot 


materials 


NACA Simulator 
Che simulator at the Lewis Labora- 
Cleveland ot National 
C‘ommittee for Aeronauties 


the 


=a linear electrical resistance 


The resistor values chosen 


properties 
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slowing, absorption, ete.) of 
neutrons 
Ielee- 


net- 


materials for 
energy groups 
the 


neutron 


measured in 
directly simulate 
or the neutron energy group 
estigaution 
designed as a 


mulator Was 


for rapidly performing 


= for 


Various reactor Con- 
The accuracy desired per- 
a redue- 


finite 


plifiertion through 
and to 
ls However, the 


dimension 
range 


under study 


necesst|- 


iulator capable of giving 
group or multigroup approx- 
depending on the reaetor 
neutron 


d the energy 


The simulator, therefore 
electric network having 
mterc hangeable emeuit 
as to provide an appront 
multigroup 


mation to the equation 


econadit One neutron energy yroup 
it a time, as in the numerica 
on procedure 
| Is 
of the 


gment for which the simulator 


a simplified schemiuats 


electric network and 


neutron distribution solu- 


shows the correspondence 


reactor volume elements and 


network sections. To simu- 
rth or the slowing of neutrons 
particular 


energy group for 


solution is required, initial 
of the network 


resistors FP 


each 


the 


enter 
through 


usion of these neutrons 


olume elements of the 


simulated by the currents 


esistors 


Neutron processes 
thsorption and slowing down, 

which are proportional to the neutron 
flux, are mulated by currents in the 
resistors P R, and Pas 
proportional to the Junction- 
the 


These cur- 

rents are 

point potential, which simulates 

ge neutron flux in the associated 
clement 

ive adjustments ol re- 

the 


follows 


nd currents for each of 


roups, the operatol 
generation’? of neutrons 
evele, determining by 
the 


the 


its lite 


fate of each 


isurement 
hence, criticality 
the 


f the flux and criticality values so 


reactor. The aceu- 
ned depends on the input nuclear 
on the accuracy with which these 
simulated by resistor 


’ he 
itl iy 
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settings, and on the electrical measure- 
ments made on the simulator network 
in extracting the problem solution. 
The simulator design required that 
the accuraey of the solution be limited 


only by the accuracy of available 


nuclear data. All simulator adjust- 
therefore 


> of the 


and measurements, 
within 1! 
Neutron 
data usually cannot 
hetter than 


ments 
were required to he 
intended values CrOSS SeC- 
tions used as input 
be depended oon for 


of, necuracy 


Simulator Equations 


The simulator is based on the uni- 


dimensional multigroup appro stination 
of the age 
The miuit 


are of the form 


equation for neutrons ina 


rencetol vroup 


equations 


Where " Ef w 


‘ 


The 
z and Sakue 


the 


quantities (56, 4 
(’,.) are the 


P sections of 


Cross 


reactor materials for transport, ab- 


sorption and slowing down, respec- 


tively, for the nth group of neutrons; 


¢, is the neutron flux for the nth group; 


\ 
A 
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FIG. 1. Simplified diagram of reactor 
segment and simulator 





Portion of electrical network 


FIG. 2. 


and S, is the trial sources 
neutrons born in the nth ge 
the first 


the quantity f, 


group of neutrons 


the 


equals zero; for 


group of thermal neutrons, f, equals 
other uti 1 gl } ij, 1S 


that 


density : he lo nergs 


ZevTo kor 


the ratio slow ilng- 


down end 
of the group, q,°, bears t group's 
average slowing-down dens! 1, 

An initial 
narily assigned and then 


the method outlined in the ses 


‘es 
trint value ordl- 
usted by 
tion on 
simulator 


oe is the total eross ecto tor 


operation Phi quantity 


heu- 
trons of the mth group: § » are, 
respectively, the a the 
logarithm of the utre rg na 


collision amd the lope 


irithm of the neut: the 


nth group 
To form the 


Tinaite if} e equa- 


tions corresponding to | the 
iplacian 


differ 


derivatives indicated by 
operator are replaced bh 


ences The Laplactar neutron 


flux for a unidimen 


v ? 


depending on whethi 


value chosen 


rectangular 
The term / is 


contraction defined in | | If 


system Is 
ement 
the 


spher enal 


distance between port 
measured is chosen to by 


sary approximations are 


dd dr 


With the 
and 4, | q. 2 transforms to 


approximation 


dl 


and the multigroup leq. 1 becomes 


37 








The Glenn L. Martin Company may soon supplement conventional 


analog and digital computing equipment (REAC and IBM systems) 


with a reactor simulator like that described here. 





This equation, a net 
equation for a unit volur 
reactor, Is very much lik 
ing the potential V at 
points on the linear elec 
part of which is show) 
junction points of the 
it positions } 
nected in series by the re 
are connected to ground ¢ 
tinl by the resistors R 
current ar) ean be for 
Junction point Applic 
hoff’s law to the current 
Junction point at 


one end, yields 


] ! 


where J 

measured on the junct 
If Ry, and Ry, var 

relations 


tnis tis 
Dsorption in 


y nelastyr 


Mquation 6 becomes 


Iq. 9 if it is multiplied 
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ol two-group 


» extends the ranges 

bole nh certain posi- 

Ip solutions 

d to measure fluxes 
WOPK ApPpedrs im 
her with «a more 


n individual 
in Fig. 3 

pot resistor units 
} 


sed series resistance 


ments of current through 

simple meus- 
ntial drop across 
A calibrated Heli- 
fitted with a large 
i potentiometer 
i balance tor the 
measured on the net- 
potentials are com- 
tncing 


otor V 


wotentials and to meus- 


amplifier, B 


ina direction 


as the 


being insensitive 


power supply poten- 
an easy-to-read 


potential and = current. 


hing system permits 


id measurement of any 


the 
vuse of the nature of the 


urrent on network. 


its of simulator caleu- 


reproadu ible 


Simulator Operation 


Che simulator calculation program 
g the multigroup equations 
follows the same general 

n numerical solutions. 

ng steps outline the proce- 


to solve the multigroup 
each group of neutrons. 


network resistors a¢ cord- 


ulas given in Eqs. 11-14 








FIG. 3. Simplified diagram of measure- 
ment system and individual network section 
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} , 
range of resistol available 


for the networ convenient 


specication ol arbitrary tactor @ 
appearing in these formulas 

2. Atrial source of fission neutrons is 
specified as a Inetion Of position rr. 
It is divided among the various groups 
iccording to the fission 


Phe magn 


\ 
Is chosen to make 


spec- 


trum this source 
ration of the 
simulator convent 


3. The cm 


junction pol ire adjusted so 


rents into the net 


WOrhk 


as to equal tl neutron sources in the 


volume eleme presented by those 


points Kor 
this vg 


Consists OF ONL 


neutrons 
otl el 


fission neutrons groups, it 


include so slowing sources trom 


may 


4. The net 


distribution of 


evroup 


being conside! potential mens 


points give 


urements at ! lon vl 


flux values current 


resistor 
mensurement the rates of ab- 
sorption slow 

volume element wtor 


>. | 


forced into the WOrk Tor €&ny\ 


or conveniene the currents 


group 
arbitrars 


miuitip ast ome 


can be 
factor. quantities, di- 


then give the 


vided by this 


proper neutron flux and currents Lor 
the group 


6a. 


tron 


Insertion of measured neu- 


slowing rents qg,7, to- 
gether with .2 in the rela- 
ve 


tion 4g, determines whether 
the value of Jn Was properly 


An\ cl inge indicated by the 
that the 


or not 
chosen. 
slowing 


equation requires 


resistors be changed by a corresponding 


fraction. The group solution is re- 


peated until a consistent value of Fe 
is found. 

6b. An alternative scheme 
the 


employ s 


one that 
iterative 
the 


ean be used in place of 


procedure in step. 6a, 


linear average 


9, 
~—“Ynave 


+ S (15) 


f, =2 


doubling the 


This is equivalent to setting 


and, in addition, to 


slowing source of neutrons for each 
net point. This 


tion to the source at each point is then 


additional contribu- 


subtracted from. the 


measured through the corresponding 


slowin 


y resistor \ he approxi- 
mate slowing « 
\ pruareeboolne 
| employ 
labor involved in olution and 
loes not correct olution’s 


mathematical instab condition 


sometimes encounteres ! r bounds 
ries when the line process 
is used 


7. The measured lowing Th 


combines vith 


rents 


fission 


Troma group are 


contributions to following 


source 


entire process then being 


vyroup the 
repeated for that foll 


This 


thermal group of neutrons 


process is repeated 


there is no slowing current 


8. The 


when multiplied by 


absorption currents 
group 
priate multipheation constant 


group, give the contribution 


fission souree ‘second generation 


of neutrons suutions of all 
groups give new source of fission 


I : compared 


neutron 


neutrons with 


the ors 


If the two sources are identi 


source 


Cal the renetor assem erith il, 
and the solution obtained is 
state solution desired, 


9. De 


derived 


Vintions in the assumed and 


sources vl ite the need for 


readjustments and a second iteration 


of the solution These values can also 
be interpreted to give an 


the c¢ 


approximate 


xcess reactivity of the 


higure tor 


reactor assembly 


Summary 
The NACA nuclear resetor simulator 


gives reliable unidimensional solutions 
for the neutron flux and criticality con 
ditions In a reactor Phe accuracy of 
these solutions is generally limited by 
that of the mnput mud lear data and by 
the approximations of the multigroup 
calculation metho Flexibility of the 
simulator network makes it suitable for 
design 


a variety of general reactor 


studies, while direct simulation of neu- 
tron processes permits a detailed obser- 


vation and variation of these processes 
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Gas Evolution 








tor Dosimetry 











of High Gamma, 

















Neutron Fluxes 





By EDWIN J. HART and 

SHEFFIELD GORDON 

Chemistry Division, Argonne 

Lemont, Illinois FIG. 1. Manometer system for measuring gas evolution 


Reactor power and the integrated gamma and thermal-neutron fluxes can be monitored 
with the manometric method described. Gas yields for boric acid-potassium 


iodide solutions were determined for a Co’ source and for the CP-3’ thermal column 


CHEMICAL DOSIMETRY 

vantageously applied to the measure Carl 

ment of X-ray and y-ray dosages ibility 

a number of vears (1 ( 1 the measurement of high-le 

cipal drawback of tl met ( eutron sources and in 
dosimetry in the past ha een t t to the di ons in C P-3’ 
chemical svstems are not 

to radiation. For low-] 

ionizing radiation, cher 

cannot compete with ele 

tors. However, with the 

new powerful y-ray nad eut tudies Is at gas-evolution meas 
sources the problem is t » fit el ents from aqueous solutions offer al 
systems of low sensitivity ar fe exceller means for continu 

that are specific to the different type toring of y-rav and neutror 

of radiation. te oled reactors Ww 
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increasing the internal pressure until readings are unimportant. During 


about 25-em pressure is indicated on — this initial period of time the solution 


the dibutyl phthalate manometer, becomes saturated with hydrogen and 


When a leak was present, it could) oxygen and develops a steady-state 
normally be detected in a few minutes concentration of hydrogen peroxide 
by a drop in the level of the fluid; After the system has come to temper- 
otherwise no change in level occurred ature equilibrium, stopeoeks C and & 
after several hours’ standing. are closed, and stopeock 7) is lett open 
Cell G is a 10 to 15-ml tube contain- As gas is evolved, the pressure change 


ing water and is used to « ompensate In registers on the manomete imd soos 


equalized by opening the stopcock on 


part for the volume changes caused by 
temperature. In the the burette and draining out dibutyl 








Variations in 
experiments, G and the solution phthalate until the original pressure is 





FIG. 2. Water decomposition in 0.1 mM Y-Fit\ 
potassium iodide solution irradiated are at room 
However, in the pile irradiation ex- phthalate, the rate of gas evolution 


temperature restored. sv frequent withdrawals of 


neasired 


periments, the temperature in the pile at constunt pressure 


gas evolution for the 
Is more constant than room tempera- 


IS vive b 
oe ture, and the use of water in G is un- Results 


dt VG, dE, dt HeECESSAL\ In pile irradiations, the Before applying the gas-evolution 
: ; room temperature fluetuation is less — technique to the CP-3 
the total number of mole- , » , 
Anu m than 0.5° C during the time whenthe and G, were determined 
vgen plus hydrogen formed 
. rate of gas evolution is measured, y-ravs and for the neutrons of the reae- 
mber of molecules of oxvgen on . . 
; Phe experiment described is designed — tor thermal column, respective 
rogen formed by the ith type , ; 
to measure steady-state rates of gas Measurement of (;, for Co"’ y-rays. 
moor reaction pel 100 ey ot . , 7" : 
: ; evolution, Consequently, the initial The value for G, was measured in a 
bsorbed in the solution by this 


ky is the energy in units of 





100 ev liberated by the ith process, and 
tis the time in seconds. TABLE 1 Ferrous Sulfate Dosimetry of CP-3'* 

Equation 1 ts simple and extremely, 
useful in its application to pure y-ray o1 Rate of Fet** = pe 
thermal-neutron dosimetry. It must nee ar hake YB ime of irradiation produc ae 
be pointed out, however, that this snsianlioes ae uN /min 
equation Is applicable only under con- 
litions where the water decomposition Central 1,032 0 x 10? 
effects of the radiations are additive 2 306 11.9 & 10% 
This problem is discussed later. If it 1 280 6 10.9 & 10 
s assumed that Eq. 1 is applicable, one 5 oF 21.5 % 10? 
need only know the values of the con- * Pile power 275 kw 
stants G, for y-rays and for the particu- t Caleulated on basis of 15.5 Fe 100 ev. Chemical change is 





‘utron reaction used. In the case 

utron reaction, the correspond- TABLE 2—-Gas-Evolution Data for Gamma and Neutron Reactions 

liberation of energy term 

he neutron flux as a variable. Type reaction sia B(n. a)Li 

in be calculated from rate Type rays ( Neutrons Neutrons Neutrons 

ution and G, thermal thermal thermal 

column column olumin 

Experimental Procedure Vol. solution (em IS6. 1 Hi 

= : ° Cone. borie acid (.V 0 05 O05 
Phe gas-evolution measuring system 


fs ; Cone. KI (mV) | 
for and pile experiments 1s 


Ss 


Gas production 
Dibutyvl phthalate is 
; em? /hr 

ity burette A and manometer Temperature Ix 

tube B Initially burette A is filled icedien itemn he 

to the 0.0-ml mark, and stopcocks C Gas production 

D nd FE are opened. The cell con- molecules /]-h1 

taining the aqueous solution is attached Energy absorbed 

I-hr 7 si 60 * 10% 
2.05 
ie at F. In the pile irradiations, Gu, . oo 

} Go, 06S 


to the svstem at F In the case of eV 


radiations, a glass-to-glass seal (rotal gas 


ngth of 28 aluminum capillary 
in. o.d. and 146 In. id. is 
. *(0. 1040 VM LieSO, 
with a rubber ¢ ec : 4 . 
. ber conn etion it F. + Corrected for xisting in the thermal colur 


system is tested for leaks by 
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Wiis sured using the fe 
dosimeter With Hoel ul 


176.0 





| —_ . 


FIG. 3. Water decomposition in 0.1 M 
. I , - boric acid-0.1 mM potassium iodide solu- 
nh the irradiation ¢ham tion in vertical thimble No. 5 of CP-3’ 
producible with the larger e« 
Decomposition of water in CP-3 
Pure Ipods distilled wate 


ubstantiall he 


hort rr tis I t tion evel h poisoned wi 

duration on air-f \ ! trations up to 20 mV in borie acid 
howed that there was pid ce Measurement of y-ray flux 
ment ofa i td Vi CP-3 | I 1 t CCl 


ren snd | 


decomposith 

To cdeterm 
COMpPosition 
ited solutions olt 


manometer techy 


No deteetable 





Vertical thimble number 
Concentration of KLE (mM 
Concentration of I,BO, 
Weight of sample (gm 
Gas production (em min 
Gas production em 

Gas production (10 


l-min 
P > lCnvICuL 


Measurement of G n, a)Li 
“sured 


Gamma energ 
ev) l-min 
(aas trom gam 
cules) l-min ) i j 7 : in the thermal column of 3’ in two 
(ias from B ! 1 i | " peril ic] mploving 
molecules m ‘ : ‘ie ? abe | il ot m potassium 

% “at ‘ ) \ | - 
Calculated n I ' odide is m iT icid solution, 
ho oem set ) 4 
I Cs rei VOI on data, given 
Neutron flux 


Ser l 


reValing 
rmal col- 
* Pile power 275 kv imn. | ’ , _} , roduced. 


T Qo«wo ‘ i ray 1 1 
( j thermal- 
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rey ing in the irradia- 

obtained by irradiating 
is sulfate in the 
50 mM 
flux 
\Ie Donne] 


‘in, a)Li’ re 


presence 
borie acid, 


+ 


eutron was calcu- 
l’s value of 
ac- 
solution (8 
to be 2.34 Mev/B!'® dis- 
). The effect of the 
on the decor ipositi nn 

been neglected. 
Neutron flux in vertical thimble of 
CP-3’. Sir ‘O 


G t! l, ‘ reaction 


y-Trays and 
have 
is now feasible to 
thermal fluxes in 


vely low epither- 


given 
adiations contain- 
um iodide in addition to 


useful in 
In these 


re the ones 


the neutron flus. 
the potassium iodide pre- 
ombination of hvdrogen 
peroxide formed during 
der these conditions, 
ved is 2 meusure of the 
ictlons 

Vs (plus 
ition ol 
the 
in columns 1] 


observed that 


went! 


} 
hg 


par 


Is propor- 
cid concentration. 
‘able 3 show that the 
ray flux has an ap- 
reducing gas evolu- 
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FIG. 4. Effect of pile power on water 
decomposition (lower curve refers to vertical 
thimble No. 2) 
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presence of 0.1 otussium todide 


has an enormous efi nereasing the 
vield of gases in wa decomposition 
omposition 
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Recombination of 1 chet 
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reactol Su 
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concentra- 
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olution is not 
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Table 3 gives the Cult lated fluxes f for 
varlous concentrat 

Gas evolution as a measure of 
The 


vas C\ 


ns of boric acid. 


pile power. effect of pile power 
on the rate of 
on a 0.1 mM potassium iodide plus 
100 mM boric a vertical 
thimbles 2 
1 evolution were 
210 


olution was studied 


d solution in 
and 9 Mquilibrium rates 
measured con- 


140, and 70 kw 
the 


ol gas 


at 275 


Figure 3 illustrates 


secutivels 
powel man- 


ner in which the rate of gas evolution 
In attaining an equilibrium 


the 30 


changes. 


highest power, about 


rate at 


min are required. However, subse- 


quent equilibria are reached at lower 


powers in 5 to 20 min 





TABLE 4—Composition of Gas from 
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KI, H.BO 
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Figure 4 shows that 
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ind thas 


polates to Zero was 


pile powel 


powel 
Composition of gases. 


liberated during 


tion consist 
Table 4 giv 
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), ratio ol 
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experiment 
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Hlowever 
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icid solutions, 


in the case of bori where 
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the equilibrium build-up of 
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These pulse requirements... 


Vv 


Maximum 
Amplitude Length frequency 
Tube Type Pulse input (volts)  (iisec) (cps) 





Dekatron 
G6C10B Gas filled Double, 120deq 130 30-80 5,000 


out of phase 


Dekatron 
GC10D Gas filled Single, triangular 130 25 16,000 


Nomotron 
610/241 = Gas filled Single, square 150 12 60,000 


Philips 
EIT Vacuum Triangular 10 9-10 100,000 
(1-isec rise, 8-usec fall) 


... are met in 
these instruments > 


by aid DEKATRON (Ericsson type GC-10B) scale-of-1,000 


Reliable Scaling Circuits 


By J. C. BAKER and G. G. EICHHOLZ ono) extremely high counting rates are 
Vines Branch V4 
Department of Mines and Technica eys hough descriptions of the various 
Ottawa, Canada tubes have been published 
lew attempts seem = to have 
IN RECENT YEARS decade sealing ci been made to evaluate their proper 
cuits have gradually replaced) binary se in scaling equipment 
stages in many application \ I t present practical cireuits 
advantages of decimal recording o t! for mainivy concerned het tinting 
weighed the initial complications i the circuits required to operate ) re described, | no special attention 
eireuit design Des hat appeal to be uselul it Is pil to ise tubes and circuits that 
Such eireuits at based o1 lation counting equipment where them primar ists omlputer 
binary stages, arranged to give 16 pa power consumption 


orS + 2 counts (/, 


tubes required for tl | burp st - GAS-FILLED SCALING TUBES 


tended to make such 

inherently less relinble and { Irse eral cold-eathode., 

more bulky than binary ( int ubes have been devel 

this reason, the development | ecent . Among these 
self-contained deeade  counte tube 1) tron made by Eriesson 
has provided an opportunity to deve 4), the Remtron 
reliable and compact decade sealin ! Remington-Rand 
circuits in all those cases where lor Nomotron,’”’ made by Standard ’ 
life, small bulk and «a minimum of — phon ib] Ltd. (¢ 

OlO7 


maintenance are important and where Wester! ic type 
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NOMOTRON (Standard Telephones & Cables type G10 241) 


scale-of-100 


for Decade Tubes 


d-eathoce 


a CO 
ienally unlimited 
iwensitiveness to voltage 
i temperature conditions 
Qn the other hand 
ocesses are rela- 
pose an upper limit 
ition rate thev ean 


ide sealing 


tubes re- 
um pulse widths 
proper operation ; 
perly shaped pulses 
the signal pulses of 
detectors 


vives rise 


es in circuit design 


iltipole ele trode struec- 


ibes results in high input 


Dekatrons 
I types 


Dekatronus have been 
louble-pulse tubes ) 


Gt OA (:C-10B: 


lise tubes 


and 
(C-10D, 


aha 


| thre Ible-pulse tubes i glow 
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cathode” 


discharge is moved from one ‘ 
to another by applying successively 
two pulses to each system of auxiliary 


electrodes 


Ciuide 2 


known is Cruide | and 


At low 


with regular spaced pulses this can be 


ounting rates and 


achieved with simple circuits, such as 


those in Figs. | and 2 
A circuit sucl 
can be used at pulse frequencies up to 
L100 eps and im ote 
At highet 


nplitudes, a 


is that shown in Fig. 1 


adapted = for 


resetting counting rates 


and random simple 


it is no longer satis- 


circuit such 
lactor, is coupling capacitors 


tend to remain charged for varving 


times For that reason it is preferable 
fo use a minary pulse-generating 
circuit, e.g a univibrator to teed 
pulses of uniform amplitude and lengt! 
to the guides. The dey 
ing GC-10A tubes 
ried i previous report 
12 That circui it 


tion rates up to 2,000 eps and is supe- 


elopment. ol 
such a cireuit employ 
lias been dles¢ 


repeti- 


EIT (Philips) scale-of-1,000 


rior to a circuit published subsequently 
hy Nilssen (13), 
For faster 


counting. A faster cir- 


cuit, working up to 2,500 eps, is of the 
tvpe shown in Fig. 2. Here the input 
pulse is shaped in a univibrator, fol 
lowed by a 


which the 


phase splitting stage in 


time lag between the two 
driving pulses is created by differentia- 
tion in the circuits of a double triode 
biased to cut-off The pulse 
formation is indicated in Fig 

For stable and reliable opera 
circuit requires a well-fil 
supply, and, in particular, the 
bias lines must be stable, sin 
settings proved 1 ither critica 
quent) sealing stages cun 
simpler design of Fig. 1, if des 

This circuit led to the design of a sell- 
unit meco 


contained scaling 


three GC-LOB tubes in 


porating 
of-1,000 


see picture on this page This unit, 


developed for a re¢ radiation 


ordaing 


installation 


45 


monitor in i mine 





handles random pulses fro ! ise of trar 

tion detectors. The photogr i} shi : has been tried, both at the Mines 
the simple layout and comy nd other laboratories. Owing 
possible with dekatron  tul T] t ( pulse amplitudes required 
meter is part of a ratemeter u ided I ( | r circuits seem to 
in the unit; for ease of ser I he fi he only possible approac] \t 
interstage pulsing circuit ( m- the nt stage of transistor 

bodied in plug-in subunit 

construction using pall I l loes not quite meet 
tubes (Fig. 3), even though a my equuire nts f reliability for 
pulse-transfer stage would ( er t tor i> With the 
adequate at the slower rt I ects Thayne mn In consisten 
equipment has worked wit! t t bole ( ( ( unction transistors 

for nearly two years | GC-10B 


To handle the range in pulse ! ( na re Ol 1e 


tude and repetition rates require n¢ Single-pulse Dekatron. 


6J6 univibrator is used ( ( nt is tl 
inator and pulse shaper. ~ 
6J6 acts as a ratemeter 
driver units are required te 
1O0-volt pulses, 120 deg 
for the two guides. The 
fast rise time and a pu 
SO psec For decreased « 
the 12ZAU7 tubes could be re 
I2AN7 tubes with a higher 
Biasing. The complicat 
circuits arises from the use 


tive bias lines whose 





eritienl 

lines 

facturers 

stendy operation 
However, a much simpler « 
i the wuarele i! 
potential with the eathocde 
A cireuit: of this type | 








ploved It ft COTMerCiA 
by Atomic Instrument ( 


Schmitt 











sealers 

abe es 
In Absiciils 2 G Phase-splitting circuit and pulse shapes for GC-10A and GC-10B 

tine ‘ awhor ‘ ’ ; 

re theor tlt) sible t } + 35 volt 

GC-10B lL have been obtair t ? 


Various more refined 





these e@ircuits sre 
tor relinble pertori 


Driving stages. 
is the 





YT stuges 





tubes or transistors 


been pioneered main 


here for 
CNA Le 
emrcuit 
Which a 
simultaneous ls 
using Britis! | : 
ithode trigger : _ | | ee 
Trigger circuits for GC-10B : 
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FIG, 3. 


e that difficulty. However, 
tters stand, the GC-10B appears 

e found more favour generally 
te the slightly greater complexity 


The 


tubes 


iated circuits. exten- 
these 


thei 


aone on has 


stablished usefulness 
superiority standard 


Is applies 


ovel 
to ow-count appli- 

to practically 
and low- 


eounters Many 


4 } 
OWL hp pode 


itions. 


Nomotrons 
a gas-filled sealing 
conception to the 
of different con- 
form, G10 240K, a top 
nnection made direct reading 
diffieult. 
241 o1 


and 


ind = connections 
rsion, GLO 


iter ve 


much more convenient 
This tube op- 
140-volt 
The 


nt of that tube for a sper ifie 


sounder, 


ransier pulses of 


S-16 wsee in length. 


ength presents a problem that 
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Radiation monitor scale-of-1,000 and ratemeter 


solved bv the of a 


the 


finally use 
LZAT7  ounivibrator 
(Fig. 6). This 
insensitive to changes in high voltage 
to 


Wiis 
in eircuit 


circuit) proved fairly 
and 
60 ke, 

Indications ‘ 
Nomotron mav easily ris 


tron 


operates at 
its theo 


Irequencies up 
etical limit. 
that the 
al the Deka- 
Its 


|, though it is 


( lose to 


are 


In performance operation 


less eritica 


appears to be 


that the closer tolerances 


hn lieved 
keep the 


required in manufacture may 


cost 


above 


that of 


t} 


‘ 





Dek 


il 


rons 


Anexperimental self-contained Nom- 


otron seale-of-100 is 


It 


sumption of 


is cleat 


that the 


these « 


h 


low 


4 


mn 


current 


old-cathode 


| ) 
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’ 


con 


tubes 


will indirectly result also in more com- 
1-4 ithode 


pac t powel packs 


trigger 


mit\ 


tubes 


he 


I] 
t¢ 


is] 


quite 


value In mine asst 


the 


makes the use of transi 


large 


ELECTRON-BEAM SCALING TUBES 


have 


internal 


Several vacuum tubes been 


deseribed that contain elec- 
duodecimal seal- 
the Philips 
the Trochotron”’ 

tribe 19 


based on 


trodes for decimal or 

Among 
tulby 15 
and the Ho 


In this class are 


ing. these are 
scaling 
16,17 


Other 


1s 


tubes 


television cathode-1 scanning tubes 
Of these Phil 
resent and | 


minhble a })! 


only the ps tube is com- 


merenmaiuy AN 


been used in labor equipment, 


Electron-beam ire potentially 
ble inertia 


r 
! 


nevis 


of the beam 


etter t- 


tion 


cepted pulse 


pulse 


ind the 
An 


rates 


the interelectrode 


Philips Tube 


In 


beam 


slotted 


stabl 


the 


} 


Philips 
electrons 


With 
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bie 


Worl 


it 


to each position there is 


sport 


| 
ele 


mn 


a fluorescent 


tor 


le 


amplitude 
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FIG. 4. GC-10D scaling circuit 


















































FIG. 5. Cold-cathode trigger circuit for GC-10D 
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FIG. 6. Nomotron scale-of-100 


when hit bv the be re values 
direct) indication of input found best to keep 
provided on the tube wall B tl sistor in the voltage-divider chain 
beam sweeps across the slot le to adjust the zero-deflection 
current fluctuates and pro es a pal ige on one of the deflector plates. 
ticularly large pulse when it reaches the he input pulses must be such as to 
tenth position at the output « | , ide just enough voltage 


of the tube. to switch the 


ariation 
» beam into the next higher 
For proper Operation Consequently, the trigg 


Cr 
voltages must be adjusted | reuit must supply pulses of constant 
correct: ratios. These 


are found to bet ore 


48 


countered Quite high 


ire possible 


limited 
‘relectrode capacitie 
irged and discharged 
Use; counting 
100 000 
T tubes 
needed 

Mac 


At LOO 


l-use interval between 


High-speed circuit. 


suggested input 


pto about ld nf 


roducing 
resonant 
mped by 
ting thvr: 
the pulse 
by the 
and not by ie tube. 
shows the circuit) fina 
KIT part is 
recommended by the 
though several com- 
differ These tubes 
oltage incre- 
electron beam 
numbers. Therefore, 
regulation of the powel 
ls ol precision re- 
voltage divider network 
With these precautions 


counting rates up to 100° ke 


nd that the onlv way to set 
voltages Was by means of an 
© and pulse generator The 
oltage control is then set to 


on the waveform 


ll is indieated in | 
Scale-of-1,000. A tle-of-1.000 
ng two ELT tubes is shown on 
tubes rk into 
etuates a 


a powel 


lav-out 


mponents 
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FIG. 7. Philips E1T tube scaler circuit 


ng when compared 
tional scaling equipment. 
iT 


decreases ilk 


between tubes is 
successive 
eltances Im successive 
the correct attenuation. 
the reset Capacitors should 
it of the previous stage 
reet amount of charge 
E1T thus the 
je sealing tube How- 
its life 
that of the 


tube Is 


fil imentars tube, 


mited as 


DISCUSSION 
k has been confined to three 
Other scaling tubes 
on, Trochotron and 6167 
sion for display of inter- 
ons and are more suited 
pplications. The same 
ose modifications of the 
vhich all the cathodes are 
eparately. 
on Was also given to the 
sonant magnetic scaling 
However, preliminary 
{that little saving in tubes 
ved when compared with 
and their 
ter than that of decade- 


binary circuits, 


The main application 
iy sealers appears to 


( n the computer field 
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gas-filled tubes Its circuit is) more 


critical to adjust hut once set these 
tubes have been found to operate very 
satisfactorily over long periods, 

\ practical problem 
Philips Nomotrons is the 


need for a base-mounting duodecal tube 


common to 


tubes and 


socket Commercial television tube 


enient and 


for the 


not very 


have to be adapted lal 


sockets are CONN 
voriousl\ 
purpose, However, there seems to be 
hope that a duodecal socket with fixed 


pins will become available shortly. 


where their persistent memory may be 
useful. 

Of the tubes investigated, it is clear 
that all should have wide applications 
in the low-speed nuclear counting field 
The EIT 


self-contained type. “The 


tube is the fastest and most 
Nomotron Is 


’ 


al 8 psec -- > 
Input Pulse 


FIG. 8. 





Waveform on Anode 


EIT waveforms 


the easiest to operate over a 
ay Kil 


wivaneced mn produ - 


of repetition Trequencies Phe 
tron is the most 


tion and availabilit ind most 


likely 


to be used immediate] 


portable equipment 
* * 


ts based o 


feport TR-11 
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Optimizing Multiplication Factors 
of Heterogeneous Reactors 


A simplified method is presented for calculating multiplication factors of 
heterogeneous reactors to which diffusion theory is applicable. The technique 
eliminates the need for elaborate computing equipment when surveying the 


characteristics and limitations of various reactor types. Examples are given 


By IVAN C. ATKINSON* 
and RAYMOND L. MURRAY 


North Carolina State Co 


Moderator 


REACTOR PERFORMANC! 
proved greatly by optimizing 
design features so as to 

able balanee In Opel iting 
tics The methods deseril 
article simplify caleulatior 
effect of various) materi 
figuration changes o1 
multiplication factor 


The multiplication factor 
/ 


a key role in reactor design analysis Py 
Defined as the number of neutrons Coolant 
made available per neutron startin and ducts 
the eycle in an ‘infinite’ 
of moderator and fissionable 
kk. must be considerably 
unity to permit a finite re 
of reasonably small size 

Heterogeneous reactors of t FIG. 1. Cell of heterogeneous reactor 
ford, Oak Ridge, and Brookhaver 
as well as those in operat 
land, are fueled with natura 
0.71% U , and use 
moderator 1). Their lesign ented for the special co 


based on theoretical and semi-empir i natural uranium and graphite 
graphs of the factors of 1 c. 18 The growing interest 
composed. Examples e been pre power means that investigations 
made of many othe tvpes 
In such analyses, there | 
} 


Ol ehoice 


hite, light water. hea, \ roam problems tacing designers in evaluating 
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the relative merits of different com- 
phvsical 
The 


ulating kL 


binations and arrangements 


iteria mathematical basis 


has been described 
) It is 


entary diffusion theory is ap- 


postulated 


» thermal neutrons in a two- 
ment of the reactor, composed 
fuel evlinder, surrounded by 


priate imount of moder- 


rial Formulas involving 


Bessel functions have 
the thermal utiliza- 
the fraction of thermal 


sorbed in and 


uranium 
e eseape probability p, 
neutrons escaping 
the 
determined by 
the 


dimensions By 


of renetor 


Varintion ol 
ind 
the amount of labor 

but the 


renc- 


thorough 


a wide variety of ura- 


lhments, types of metal 
moderators 


the 


nts. and may 


ve ber iuse of lack ol 


me, ora high-speed COTM 


this diffieultv in) mind 
simple 


the 


a relatively 
method for finding 
heterogeneous reae- 
to which elementary 
The 


a procedure that 


t\ pe 
theor, Is 


applicable. 
to dey Ise 


the need of special tables 
mnily i 


hand caleulator. 
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Further, it was desirable for the method 
the effects that 


values of the multi- 


to admit scrutiny of 
vield high or low 
and to predict limits 


that 


plication tactor 
of various might be 
allowed The ter 


here and applied to sample cases are 


Polsatis 


hniques  deseribed 


helieved to be useful in restricting the 


range of interest, after which more 


detailed and accurate calculations can 


be made. 


Analysis 


The infinite multiplication taetor is 


} 


expressed as ky ep fn, where € is 


the fast fission factor and 7 is the num- 


ber of fission neutrons per neutron 


uranium It may be 


shown that the viu 


absorbed al 
ition of e with small 
ons is slight (6 


cLitne tis 


changes in fuel 
Further, 7 is a constant for a particular 
fuel. The functions p and f are de- 
pendent on pl vsical constants and the 
dimensions of the fuel and moderator. 


} 1a 


£ 


The magnitude of a reactor Is 


assumed equal to the value for one 


the 


conventional 


typical portion of the system 


‘ocel],”’ The cel | thre 


arrangement of mi ‘YThals, Consists ol a 


line of evlindrical fuel slugs of indefinite 


length, embedded block of moder- 
culation it is 


cell 
but 


ator Kor purposes of eal 


convement to use a substitute 
sectional ares 


Figure | 
an idealized arrangement of the cell in 


with the same eross 


eylindrical in shape shows 


WSoOnlng materials are 


which all px 


grouped In a single iver adjace nt to 





Results of Reactor Formulas 


Factors Lpp 


Thermal 
KF 
hk 1 
0 SURG 
Resonance 
PF | 
k | 
p i) 
ke. 1 oa 


1155 


 O367 


O46 
la 
SO45 





FIG. 2 (left). Test of general optimization 
formula. Cross denotes point computed 
using optimization formula; circled points 
computed individually 


the slugs. In oa typical des 


within metal to pi 
Annu 
and the 


the annuli serve t 


are canned 
escape of fission products 
coolant are provided 
easings ol 
the coolant from the moderato 

to the outer 


The radii re and r, refer 


boundaries of the slug and moderator 


respectively. The process of optimiza 


tionotl ky consists of making a choice of 
r, for a particular set of materials, and 
finding the value of ro that vields the 
The largest of the 
cell 
value of 4 The 


x 


largest i maxima 
the 


mathe 


for various radi constitutes 


final best 
matical counterpart of this procedure 
is to find re for fixed r; that satisfies the 
relation d(pf)/dr 0), assuming thate 


and 7 are constant The factor p 


may be expressed in the form 


(1/f.) — Wy, 


exp 
where f, is analogous 
to f, but refers to neutrons in the 
rather than to 


The 


maximum k) becomes 


resonance region 


thermal neutrons. condition 


d l f) 

1 f 
The reciprocals of the thermal and 
factors lor a“ 


system can be cal- 


resonance — utilization 
simple two-region 
culated by use of Iq. 2 
that the 


resonance region is being investigated 


| 
f 


remembering 


factors change when the 


where 





The funetions J,, J 
modified Bessel funet 
and second kind, zer 


For all other 


hunction 


Ln ap pPron 


inserted 


rate expre 


The tabul ited compat 
ind approximate fort 
component system, n 
r 1.4 em, graphite 
indicates the accuracy 
The presence Ob pois 
fuee ois included = b 
product V,2, in the thert 


v j | s 


formula by J 
Is the fotal Polson CTOs 


extension of the heteroge 


to three regions fuel ron 


poison annulus—-was us 
ipPproximation The the 
tion for a D.O moderates 
nium reactor with a 
annulus, slug radius 1.6 
15 em, is ealeulated to be 
ipproximation method 


the three-region method 


discrepaney is due to the ur 


of the flux depression ch 
laver 
Substitution of the for 


and in tf and 1/f, an 


derivatives with respect t 


vields a general working f 


l€ 
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ORNL graphite reactor. 
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FIG. 3. Cell radius (r;) and optimum multi- FIG. 4. Cell dimensions for optimum 
plication factor (k,,) for heavy water, multiplication factor; 1 U-**, D.O re- 
natural uranium reactor actor with -in. stainless steel tube 
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Increases in thiekness Estimates of 
the maximum metal thickness that 
can be tolerated from the nucleat 
standpoint, so as to maintain a value 
of Ak, larger than unity, are 
made by the use of Kqs 
Figure 5 shows the trends in 
slug radius and AL with tl 
Iron b> O.P060 em d 
natural uranium graphite 

the ORNL fuel element Ssprcing 


trend in cubieal reaetor dimension 











with poisoning Is shown an 











The «1 tical condition used 
FIG. 5. Effect of iron duct thickness on FIG. 6. Variation of critical reactor size ‘ - ; V 
optimum slug radius (ry) and multiplication with iron duct thickness. Natural uranium, ; 
factor (k,). Natural U, graphite reactor graphite reactor 
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eager aang Reactors Are Inherently Simple 


product 
Apart FROM the rather hard to assess costs which safety and possible lack of long- 
term reliability may add to reactor systems, | think there is an excellent chance 


' that nuclear power reactors will ultimately turn out to be simpler, and cheaper, 
keep- 


, tl than conventional steam boilers. A modern steam boiler is an extraordinarily 
y creased, within 


complicated gadget—this complication results from the fuel injection and air in- 


radi conspered 


jection systems; from the waste handling systems; and from the extremely high 


Effect of canning. As an example 


temperature. A nuclear chain reaction produces its own oxygen—that is the 


neutrons—in just the right amount to keep the fire burning properly. If it has a 

wtor will be negative temperature coefficient it will be inherently self-regulating; and because 

hstand corrosion of its first-order temperature independence, no temperature in the system need 

the liquid metal exceed the temperature of the working fluid by more than is needed to transfer 
to coat the slug the heat from the point of generation to the turbine. 

3 iron 01 ees In a conventional steam plant which costs about $160 per kw, the generating 


| then clue and electrical equipment costs about $90 per kw, the boiler, which the reactor 


wit) replaces, about $70 per kw. What | am claiming is that the potential inherent 
na, 1h i 


simplicity of a nuclear chain reaction may ultimately allow such systems to be built 
for less than $70 per kw. 


rangements, assum- 
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less steel. The U 


Vol. 12, No. 4- April, 1954 





r 


Original number of spores - _. 
x 3x i0§ /mi - 


© 42x108 smi . 


aN 


% IN Air 
all 1 - 
006 008 h 


Dose ( X 10° r) ~ O02 OB 12 ts 20 . 50. ~«+100 200 
Dose ( X 10” rep) Dose (rep X 10”) 


on 


Log Number of Surytvors 
Surviving Froct 





FIG. 1. Survival curves for Staphylococcus FIG. 2. Survival curves for Bacilius larvae FIG. 3. Survival curves in air and nitrogen 
aureus at dose rate of 140,000 rep/sec. spores at dose rate of 140,000 rep/sec. for S. faecolis 10CI. Cells grown and 
Cells grown aerobically on nutrient broth Irradiated in honey at room temperature irradiated as told in text for E. coli B/r 
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Problems in Using High-Voltage 
Electrons for Sterilization 


Using experimental studies of bacteria and enzyme inactivation, dose-rate 
dependence, and side effects as a base, the authors point out the 


areas where research is needed before commercial sterilization is possible 


By W. D. BELLAMY 
and E. J. LAWTON 
General Electric Research La 
Schenectady, New Yo 
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the effect of the process on 
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to the 
the 
slightly affected by 
freezing. The lethal 
of the order of 37,000 to 44,000 rep for 


Contrary finding with staphy- 


lococeci, spores were found to be 


only water oO! 


mean dose was 
dry or frozen spores 
Bacillus larvae the 
brood ih hee hiv 
heat 


foul 
the 


cause ol 
es, lorms one ol 

bacterial 
2 indicates that it 


most resistant spores 


known Figure 
is also quite resistant to ionizing radia- 
tion. From these preliminary tests it 
appears to have a mean lethal dose of 
the order of 300,000 rep. It is 


apparent that the spores consist of at 


also 


least two species of radiation resistance ; 


about 10°) of the spores are many 


times as resistant as the majority. 


Dose-Rate Dependence 


It has been reported that the sur- 
bacteria is not dose-rate de- 
tact 


Escherichia 


vival of 
been 


Ber 


pendent 3). This has 


confirmed with coli 














FIG. 4. Effect of temperature on inacti- 
vation of pepsin solution by 2.5 10° rep. 
Pepsin irradiated at 10 mg ml in water and 
assayed for activity at 0.5 mg/ml. Sam- 
ples irradiated in air in stainless-steel 
dishes; temperatures determined with re- 
cording thermocouple 





TABLE 1-—Pepsin Concentration, Dose 
and lonic Yield for Solutions and Sus- 
pensions Irradiated Neutral at Room 
Temperature, and Assayed in 0.06.V 
HCl 





over a dose range ot S,U0O0 fold We 
have found similar survival curves for 
k. coli 


at a dose rate of 


Bor when exposed to X-rays 


1.000 rep/ min and 
to high-voltage electrons at a dose rate 
of 140,000 rep sec. 
similar to those reported by Hollaender 
etal. (4 


1,000 


These results are 


for X-ray dose accumulated at 
The 
experiments were grown 
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rep, min. cells for these 
inaerobically 
veast extract, 1°) hy- 
drolvzed casein, 0.5° % phosphate, 0.1% 
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2-5" C in 
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phosphate buffer 
The cells were irradiated at 
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plated in the usual manner 
lethal dose for E 
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Enzyme Inactivation 
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Radiation Sterilization Series: Prior Articles 


1, Fission-Product Potential of Commercial Reactors and Their 
Processes, by Dick Duffey, Oct. '53, p. 8 


2. Van de Graaff Accelerators for Sterilization Use, by F. L. Foster, 
D. R. Dewey Il, and A. J. Gale, Oct. '53, p. 14 


3. The Resonant Transformer: A Source of High-Energy Electrons, 
by J. A. Knowlton, G. R. Mahn, and J. W. Ranftl, Oct. '53, p. 64 


4. Application of Isotopic Sources to Food and Drug Sterilization, 
by L. E. Crean, P. J. Isaacs, G. J. Weiss, and F. Fahnoe, Dec. 
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5. Evaluating the Safety of Radiation-Sterilized Foods, by A. J. 
Lehman and E. P. Laug, Jan. '54, p. 52 


6. Relative Merits of Cathode Rays and Gamma Radiations, by 
S. A. Goldblith and B. E. Proctor, Feb. '54, p. 32 
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For nearly half a century Koll- 
morgen has designed, developed 
and manufactured precision op- 
tics and optical systems for in- 
dustry and the military. 


We have the engineering ‘‘know- 
how”, the design personnel and 
the manufacturing capacity to 
help you solve your optical 
problem. 
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AUTORADIOGRAPHS of active minerals in ore; black (left) and yellow (right) 


Using Autoradiography for 
Quantitative Study of U in Ore 


By A. S. BHATNAGAR and P. C. GHOSH 
Rare Minerals Laborato Boe 
\e Dethi, India 


Neither plivsical or chen met! SO] ited from the ore. Sucl 


ods provide “a quantitative estima ol mation, however, is valuable in assess- 


the percentage OF Uranium pres i! ng ti economic possibility of beneti- 


only the radioactive-mineral portion of eating a low-grade ore 


an ore unless the ore consists ot pul ind Marias (7) have used auto- 


mineral! or the mineral - completels ridiography to determine the relatiy 





TABLE 1— Analysis of U,O, in Mineral Content of Ore 
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A Biosynthesis of 
C'*-Labelled Glycogen 


Separatory 
By C. C. HASSETT, Funnel 
W.H. SUMMERSON, and 
F. SOLOMON 


Chemical Ce edical Laborato 


froma ew ! ene Va jland 


Handle --/>~_ 


Labelled organic compounds of many 
Filter- - 


Paper 


kinds have been prepared hy biosvn- 
thetic procedures among them both 
1). Most Screen-— 4) 


carbohvdrates and proteins 
Cage 


such experiments have been done with 
vertebrates. Zamecnik et al. (2), have Viel - = 9 


shown, however, that labelled fibroin is AX - -Stopper 











formed in the giant silkworm, Platys- 
APPARATUS in which Drosophila were ex- 
posed to C''O, enriched air 


amia cecropra, when C'*-containing 
glycine and alanine are injected inte 
the body cavity Glveogen labelled 
with C'™ has now been produced by were used to displace part of the air in 
exposing the vinegar fly, Drosophila the yal with O.. for preliminary tests 
melanogaster, to an atmosphere con- had shown that the flies would not 
taining CO», taking advantage of the — survive without this additional supply 
fact that newly emerged adult flies are The stopeocks were closed and M/5 
low in glycogen When ample food is lactic aeid was dripped onto the 
available the glycogen content) in-  BaC'"O, from the separatory funnel. 
creases rapidly in the first few days (3 The evolving C'O. escaped from the 
shell vial through the vent, and at the 
Experimental end of the reaction enough lactic acid 
Unfed adults less than 24 hours old was run into the vial to drive all the 
were collected in a clean bottle and yas into the main container The en- 
anaesthetized with CO Approxi- — tire jar assembly was then enclosed in 
mately a thousand flies 1.076 gm a large covered batter ar in which 
were transferred to the screen cage of — there was a liberal supply of soda lime 
the apparatus shown in the illustration to trap anv CMO. that might eseape 
on this page The bottom of this cage After two days the batterv jar was 


»_] 


was formed by a No. ll rubber stopper) opened and the 2-1 jar was transferred 


in which was embedded a glass vial to a hood, where the gas in the system 
holding a 12-em-long roll of filter paper was replaced by room air, with all the 
saturated wit! Vo10) sucrose The CO. and CO. being precipit ited us 
screen cage W put into a 2-liter carbonate in serubbers filled = with 
wide-mouth ! rm ibout 4 gin ol sa (OH solution The screen cage 
Mei nO OH.O we spread on the was removed, and the flies were an- 
bottom of the jar nuintain a con- aesthetized with CO then immedi 
stant humidity during the experiment ately dropped into 5 ml of hot 30% 

The CO. generator issembled on a KOT, After digestion on i water 


No. 12 stopper then was put in place bath for 1 hr, the material was pussed 
sealing the il Phis generator con- through «a medium porosit ~intered- 
sisted of a separator funnel, the stem gluss filter to remove the exoskeletons 
of which carried a small stopper by and 1.2 volumes of 95°, ethanol were 
which there was attache hell vial ndded to the filtrate After several 
contaiming 14 mg ot . « hours of refrigeration, the precipitate 
ond hole in the I | rovided Wiis separated by centrifugation at 


a vent. Tw tbes bearing stopcor ks 5.000 rpm tor 1s min at OF ¢ The 


also passed thro » stopper crude precipitate was then washed wit! 


alter the appar itus Wi i> miblec ey Hoc ethanol, extracted with three por 
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Radioactivity of Labelled Glycogen and Its Degradation Products” 


NEW LABORATORY 
INSTRUMENT 


(; 





A general purpose laboratory 
instrument for the accurate 
measurement of alpha, bet 


and gamma radiation Ar 


eleven-stage photo-multiplier 
Sod 


lun 


tube is used and a 
Iodide crystal of diamet« 


14 3.8 cm) and length 1 
2.86 cm) is provided for 
gamma measurement 
Alternative holders for 

and beta assay work can 


be supplied 
The heavy adjustable 
enables the probe unit 


used in any position 


Other Instrument 

Portable Beta Gamma 
Radiation Monitors 

Portable Neutron Monitors 

Rate Meters 

Pulse Amplifiers 
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Efficient Shielding 
with Mallory 1000 Metal... 


pron 


yw 


The superior shielding properties of Mallory L000 Metal are 
well demonstrated in the radioactive logging of oil wells. This 
promising commercial application of atomic research identifies 
the geological structure through which a well hole is being 
drilled. by measuring the gamma radiation induced in the 


strata by neutron bombardment. 


By shielding the neutron source with a Mallory 1000 cylinder 
like the one illustrated, the over-all sensitivity of these surveys 
is considerably improved. This unusual metal permits the 
neutrons emitted by the source to pass through. At the same 
time, it stops the hard gamma rays from the source, which 
would overshadow the secondary radiation, and prevents them 


from adding to the induced radiation that is being measured. 


IDEAL for many 
shielding appli ‘ations 


Tests run up to 100 MEV energy level show 
Mallory 1000 to have 100) hicher absorption 
than lead in the most widely used ranges and 
even at 100 MEV to have 20°) greater absorp. 
tion. Further tests by our technical staff indi- 
cate its superiority for the shielding of eyelotron 
and synchrotron radiation, and for the storage 


of radioactive isotopes. 


Mallory 1000 is a high density, homogeneous 
allov of tungsten, nickel and copper, fabricated 
by Mallory powder metallurgy techniques. Lt is 
readily machined to precise tolerances and to 
high finish, and has good weathering qualities. 
Further, its average tensile strength of over 
100,000 p.s.i. makes it the ideal material where 
mechanical strength and dimensional stability 
are required, 


Write for Technical Bulletin on the shielding 
qualities of Mallory LOOO, 


P a . Coca 
txpect more...Get more from MALLorY 


Serving Industry with These Products: 
Electromechanical—Resistors © Switches © Television Tuners * Vibrators 
Electrochemical — Capacitors ¢ Rectifiers * Mercury Batteries 


Metallurgical — Contacts * Special Metals and Ceramics © Welding Materials 





MALLORY 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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FIG. 1. Details of loading-device construction 


Device for Loading Cobalt-60 Cartridges 
in Tubing for Cancer Therapy 


By GEORGE W. CALLENDINE, Jr. and JOSEPH L. MORTO 


. 7 Cente 


Department of R he C} 


For irradiation technique 
interstitial implantations 0.050-1n 
mold applicators, linea l f itside diametet 
irradiating material are methods 
both rigid and flexible fort to mi lers into tubing have 
variations in the structura pect f ind levice utilizing a 


tumor location, type, size 


ations In radiation inten is shown 1n 


s positioned 


length of the linear source e ofte oadet is ] 


by work centel 


required; these can 
spacing small standard ited outside lead 
units Irom zero to seve 
apart bv means of inert 
spacers are needed be 
lated spacing of the act 
remain intact throughot 
irradiation 
These requirements 
filled by using radioact 
the form of wire stock 
standard lengths, wit! 
ert aluminum wire sti 
lengths The standard « 
tridges”’ have a O.050s-c1 


diameter and O.500 
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Extreme Temperature and Altitude Problems 
Solved by New Modifiable 
Titeflex Connector 


te at “af 


We have the experience to solve most complex connector 


problems involving extreme altitudes, temperatures and 


pressures with space and weight limitations. And within standard 


design requirements, we can deve lop special-duty connectors 


INSTRUMENTATION Connector —0O7. For moisture 
and corrosion resistance, temperature ranges of 
—65 F. to +400 F. Made of Teflon, plug and 
receptacle mated weigh only % oz. Length 2". 
Insulation properties will permit 3500 volts at sea 
level, 1200 volts at 50,000 feet altitude. Can be 
made with 2 or 3 pins, current 7 amperes. 


CUSTOM WIRING SYSTEMS—For accessory, in- 
strumentation and radio shielded applications. Can 
be furnished with Titeflex or Standard AN Con- 
nectors. Can be sheathed with one or more layers 
of various metal braids, fiber glass or nylon, and 
jacketed with silicone or various other compounds. 
Titeflex will be glad to design, develop and pro- 
duce complete wiring systems to your specifications. 


as a part of complete wiring systems 


MOISTURE-PROOF and resistant to synthetic lubri- 
cants. For extreme temperature changes in ranges 
of —65 F. to +400 F., high altitudes up to 65,000 
feet. Resists salt spray, corrosion, vibration. This 
Titeflex Connector is radio shielded, has positive 
retention of pins and sockets. 5" in length. Mates 
with connectors that conform to MIL-C-5015. 


se 
mee 


SPECIAL —O7 CONNECTOR. Designed to solve 
your connector problems in instrumentation with a 
real saving in space and weight since this connector 
has no protuberance beyond the flange. Can be 
designed as an integral part of your wiring or 
instrument components. Available in 1, 2 or 3 pin 
arrangements—current 7 amperes, size |" in length. 
Receptacle and plug weigh only 1! grams. 


All TITEFLEX Connectors can be furnished with thermocouple pins and sockets. 


ciieeeeticnestionadionetienesttanetiantienstianatimtandttansttanstnandinantiaetintiaetiaetiaestientientantiaetta 


TITEFLEX, INC. 
576 Frelinghuysen Avenue, Newark 5, N. J 


WRITE TODAY for specific information—or send 

us your specifications. Whatever your requirements | 

we can usually provide the right answer. Our Engi 
neering Staff will be glad to 
discuss your problem without | 
obligation 


Please send me your catalog on the Titeflex Connector 


Hove your representative call 


| 
LET OUR Tme 


NAME__ 


COMPANY 


statin ciated FAMILY OF PRODUCTS 
HELP YOURS 


| ADDRESS _ 


1 city ___ZONE_________ STATE 


= ee ee ee ee ee ee ee we ewe oe ee 
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i 2. Simplicity of operation. After S 
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an he rate 
wire 3. Exposure of operator. When 
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an indi! -vision work center and an 
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Philips’ extensive range of modern 
Equipment for Nuclear Research and 





its applications comprises : 


New compact “open” type H-T Generators with 
selenium rectifiers and ion accelerating tube. 
Up to 800,000 V. 


High Tension Generators Same, in pressurized steel tank, solving space 
with selenium rectifiers and atmospheric problems. Up to 2,000,000 V. 
and ton accelerating tube, 

in pressurized steel tank; “Open” type H T Generators. Gas or selenium 
PHILIPS’ answer to all rectifiers. lon accelerating tubes of new design. 
problems of space and High accessibility. Unequalled high output. Up 
atmospheric conditions. to 1,400,000 V. 


Above types can be supplied with exceptionally 


[ high stabilisation, low ripple values, various ion 
tae = Q) sources and targets 
~~ 


ai > Linear Electron Accelerators up to 30,000,000 e V. 


Synchro-Cyclotrons, for accelerating deuterons, 
protons or alpha particles up to 300,000,000 e V. 
Very high beam currents. 


Scalers, ratemeters, dosemeters and_ radiation 
monitors for laboratory or defence purposes. 
Geiger counter tubes. 


Radioactive Isotopes (pile & cyclotron produced). 


High Voltage Impulse Generators, 
up to 3,500,000 V. With recording equipment. 


Philips’ Nuclear Development Laboratories will 
gladly inform you on any equipment Philips 
are prepared to build to your requirements. 


PHILIPS - 


Nuclear Equipment a 
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¢ 4 ve 


TANK UNIT “OPEN” TYPE UNIT 














For information please apply to one of the following addresses: 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN PHILIPS ELECTRICAL LTD., NORTH AMERICAN PHILIPS CO. INC., 
Scientific Equipment Department, X-Ray Department, Research and Control Instruments Division 
EINDHOVEN (Holland) Shaftesbury Avenue, LONDON W.C.2. | 750, South Fulton Ave, MOUNT VERNON N.Y 


65 


Vol 12 No 4. April, 1954 Want more information? Use post cord insert in this issue 








Activation of Nuclear Isomers by Gamma Radiation* 


Co” Thin rods arranged con 
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Co® Hollow cylinder, lead pig o 


Co® Same as 2: detector 
sides 
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Gamma flux Ratio 
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EXTERNAL CONTAMINATION of film badge containers and pocket ionization 
chambers is checked with device developed by Health and Safety Branch of 
AEC's Idaho Operations Office. Motor-driven belt conveyor moves equip- 
ment to be checked between two G-M tubes that are attached to counting- 
rate meter. Device shuts itself off if equipment is contaminated. Hand-fed, 
unit will handle 40 or 50 items per minute 
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“os "TEST VOLTAGE 


certainty, the 


creed PROBLEMS 
“ane sc 1/100 cps to 10 mc? 


disadvantage 

but «a com- ‘ 

ery high reso- te Hewlett-Packard has 17 different oscillator models 
Guth (5) ealeu- “ : Some are highly specialized, others are all-purpose 
level ; i mt instruments. Almost certainly, there’s a model to meet 
your exact requirements. All are precision instru- 
ments of highest quality. All embody the famous R¢ 
circuit pioneered by -Ap-. Check the table below for 
the oscillator that can help you most. Then write us 
for complete operating and application details 


energy, 
mv. Thus 
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or for 2am racdi- 
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Instrument Primary Uses Frequency range Output Price 


200AB Audio tests 20 cps to 40 ke 1 wott 24 5v $120 00 
200CD Audio and ultrasonic tests 5 cps to 600 ke |160 mw 20v opencircuit | 15000 
200H Carrier current, telephone tests 60 cps to 600 kc 10 mw lv 350.00 
2001 Interpolation, frequency measurements 6 cps to 6 ke 100 mw 10v 225.00 
2018 High quality audio tests 20 cps to 20 kc 3w 42.5v 250.00 
202A Low frequency measurements 01 cps to 1 ke 20 mw 10v 450.00 
202B Low frequency measurements V2 cps to 50 kc 100 mw /10v 350.00 
202D Low frequency measurements 2 cps to 70 ke 100 mw 10v 275.00 
204A Portable, battery operated 2 cps to 20 kc 2.5 mw 5v 175.00 
205A High power audio tests 20 cps to 20 ke 5 wotts 390.00 
205AG High power tests, gain measurements 20 cps to 20 kc 5 wotts 425.00 
205AH High power supersonic tests 1 ke to 100 ke 5 wotts 550.00 
206A High quality, high occuracy audio tests 20 cps to 20 ke 15 dbm 550.00 
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230A Carrier test oscillator 35 cps to 35 ke 14 dbm 600 ohms 275.00 


233A Carrier test oscillator 50 cps to 500 ke 3w 600 ohms 475.00 
234A Carrier test oscillator 160 cps to 160 kc 14 dbm 600 ohms 300.00 














- 650A Wide range video tests 10 cps to 10 mc 15 mw 3v 475.00 
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real production 


7 pe 2P ROTARY HIGH VACUUM 


ever since then, the dependable perform- 


ance of these sturdy units has kept them 


to the fore on nucleonic production and 


research wherever vacuum entered the 


picture. 


Fast Pump-Down... 


Low Maintenance 


Beach-Russ Type RP Vac- 
uum Pumps take your ap- 
paratus down to low vae- 
uum faster than other types 
of pumps. They operate at 
exceptionally high mechan- 
ical efficiency, and because 
of their sturdy yet precise 
construction their operat- 
ing and maintenance costs 
j are the lowest in the field. 
They are virtually noise- 
less and vibrationless due 
to unusually slow speed of 
operation, 


Beach-Russ Type RP Vac- 
uum Pumps are available 
in single-stage units in 
capacities from 20to 1700 
c.f.m. for vacuum up to 
10 microns or better. Com- 
pound stages are also 
available. 


Write for the 
RP Pump Bulletin 


BEACH-RUSS COMPANY 


50 Church Street 


New York 7, N. Y. 
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umn Demineralizer 
Model MA-1000. Pu- 
rity of effluent: un- 
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automatic shut-off 
and signaling de- 
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matic regeneration : 
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here between 
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steel control cabinet 
in which regenerant 
tanks are stored 


READY TO OPERATE ON ARRIVAL! 


Available in a wide variety of 
mono-and multi-column models 
(flow rates from 10 to 10,000 gph), 
all Penfield Demineralizers come 
equipped with regenerant tanks and 
all necessary gauges, flow meter, 
conductivity meter, etc. On arrival 
at site, simply connect the com- 
pletely “packaged” unit to service 
lines and start receiving super high 
purity Penfield demineralized water. 
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automatic shut-off d signal- 
ing devices and a lly auto- 
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Special control systems for the 
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A wide range of hazardous opera 
tions are performed safely with the 
new General Mills Remote Handling 
Manipulator. The unit offers un 
usual strength (can handle 
weighing as much as 750 pounds 
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without cracking them 
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generally are accepted as reliable. ( The melting temperature (208 Conti 
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Thermodynamic Properties of Liquid Sodium (Continued) 
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0.3007 0.2984 8 49.58 
0.3006 0.2984 9 49.54 
0.3005 0.2984 0 49.50 
0.3004 0.2984 49.45 


0.3003 0.2908 0.2985 49.4] 


0.3002 0.2919 0.2985 49.37 
0.3002 0.2930 0.2985 49.32 


0.3001 0.2941 0.2985 49.28 
0.3000 0.2952 0.2986 49.24 
0.2999 0.2964 0.2986 49.20 


0.2998 0.2975 0.2986 49.16 
0.2998 0.2986 0.2987 49.1] 
0.2997 0.2997 0.2987 49.07 
0.2996 0.3007 0.2987 49.03 
0.2995 0.3018 0.2988 48.98 


0.2995 0.3029 0.2988 48.94 
0.2994 0.3039 0.2988 48.90 
0.2993 0.3050 0.2990 48.86 
0.2993 0.3060 0.2990 48.81 
0.2992 0.3071 0.2991 48.77 


0.2992 0.3081 0.2991 48.73 
0.2991 0.3092 0.2991 48.68 
0.2991 0.3102 0.2992 48.64 
0.2990 0.3112 0.2992 48.60 
0.2990 0.3122 0.2993 48.56 


0.2989 0.3132 0.2993 48.52 
0.2989 0.3142 0.2994 48.47 
0.2988 0.3153 0.2994 48.43 
0.2988 0.3163 0.2995 48.39 
0.2987 0.3173 0.2996 48.35 


0.2987 0.3184 0.2997 48.30 
0.2986 0.3193 0.2997 48.26 
0.2986 0.3203 0.2998 48.22 
0.2986 0.3214 0.2999 48.18 
0.2985 0.3223 0.3000 48.13 


0.2985 0.3233 0.3001 48.09 
0.2985 0.3243 0.3002 48.05 
0.2985 0.3253 0.3002 48.01 
0.2984 0.3263 0.3003 47.97 
0.2984 0.3272 0.3004 “ 47.92 


0.2983 0.3283 0.3005 47.88 
0.2983 0.3292 0.3006 47.84 
0.2983 0.3303 0.3007 47.80 
0.2983 0.3313 0.3008 47.76 
0.2983 0.3322 0.3009 47.72 


0.2983 0.3332 0.3010 47.68 

0.2983 0.3342 0.3011 47.63 

0.2983 0.3352 0.3012 47.59 

2667 0.2983 0.3362 0.3013 47.55 

0.3024 2 0.2983 0.3371 0.3014 47.51 


0.3022 0.2982 0.3381 0.3015 47.47 
0.3021 0.2698 5 0.2982 0.3390 0.3016 47.42 
0.3020 2 0.2710 0.2982 0.3400 0.3017 47.38 
0.3019 0.2727 0.2982 0.3409 0.3018 177.8 47.34 
0.3018 0.2734 0.2982 0.3418 1 30 4730 


0.3017 0.2745 0.2982 0.3427 9 47.26 
0.3016 0.275 ) 0.2982 0.3437 47] 
0.3015 0.2768 0.2982 0.3446 12? 47.17 
0.3014 0.2779 0.2983 0.3455 3023 47.13 
0.3013 0.2791 0.2983 0.3465 02 47.09 


0.3012 0.2803 0.2983 0.3475 0.3025 47.05 
0.3011 0.2814 0.2983 0 3484 0.3026 47.01 
0.3010 1.2 0.2826 0.2983 0.3493 0.3027 46.96 
0.3009 0.2838 0.2983 0.3500 0.3029 46.92 
0.3008 0.2849 0.2983 0.3509 
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GAS FLOW COUNTER 


with maximum efficiency for carbon 
14 and other soft betas 
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matically counts as many as 50 solid 
or liquid radioactive samples with 
C-110 sample changer . . 
ically scans paper radiochromato- 
grams with C-100 “‘Actigraph”’ 

allows manual counting withshielded 
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cm?) counting in both the geiger or 
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tional counting 
. bubbler and valve adjustments 
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NEWS 


AEC Accepts Duquesne Light Co. Plan; First U. S$. Central 


Station Nuclear Power Plant to Serve Pittsburgh Area 


The first | 
burgh. Duquesne Light Co. h: 
and Westinghouse on the project 
over eight others because it 

The private 


the firm to: 


1. Furnish a site ‘ 
owned by the company in the 
Pittsburgh area.” 

2. Contribute $5-million tow 
cost of the pressurized water 
(NU, March 754, p. 75; Der 

3. Finance construction of the 
trie generating portion of the plant 

4. Operate 
ating portions of the plant and bear al 
labor costs associated with oper 

5. Pay AEC 
generating power. 

The government 
$30-million by having Duquesne’s 
sistance, necording to an estimate 
by AC Chairman Lewis I 

Output of the plant will be 
the firm's power 


marketed to residential and 


customers, 


per ted that this first plant \ 
power at costs competitive 
Irom conventions 
will pay standard 
production costs wi 
ARC and Duquesne under 
now being newotinted, 

ARC will provide the enrict 
nium fuel, and Duquesne will 
cents per million Btu of ste 
first vear; this cost 


ally until it renehes 60.3 cents 


vear. The 


cause the py 


mental purposes during its ¢ 
ol operation; 
irregular during 
to the Federal 


coal produced steam in the Pitt 


aren costs 
million Btu 


Since the 


Visory. Commiuttes 
es 
ginirds normally 
exe lusion ares 
would require 


5 miles, it is anti priter 


of the cost 


requirement 


78 


.. central station 


ir power plant will be built in Pitts> 
been selected to cooperate with AEC 

AEC accepted Duquesne’s proposal 
is ‘the most favorable to the government.’ 


see NI March ’54, p. 57, 79d). \r 
istration of the effect of using this 
shown by one ol the Ih 

lustrial study teams when it reporte 
NI June 753 p. 50 that the Sate- 
Committee’s formula suggested 


70,000-acre site costing $42-million 


is compared with the study group’s 
est te i 2400-acre site costing 
$1 .5-1 ! Their reactor would de- 
elop 350 Mw of heat 


AEC Cuts Budget Request, 
Revises Spending Plans 


The Atomic Energy Commission last 
onth trimmed its $1,366-million re- 
quest for new money by $23.9-million. 
Congress will have the final sav on the 
requests, but AEC wanted to change 


them before its money hearings began 


ok” for the militar is 


esponsible for rejuggling the 






uudget for the fiseal year beginning 
July 1.) Spending for production and 


veapol facilities in fiscal 1955 would 
be increased from $74-million to S10s- 

Spending cutback would be 
m operating expenses which would 


trimmed from. S1,1S2-million to 





von t affect the expe 


Four New Reactors 
Proposed by AEC 


As a result of a request made by the 


Joint Congressional Committee or 


Ator energy last summe the 
Aton Energy Commission has 
hive-veal program tor thie 


ent ot powel reactors (details 


eported in) NUCLEONICS Feb 


54, p. 75). In addition to its genera 
eseare] ind ae velopment work, the 
AKC | pians for the following 


1. Pressurized water reactor (PWR). 


Now being engineered by Westinghouse 
uce at least 60,000 electrical kw 


see NI Mar. 754, p. 75 fo further 
details 

2. Intermediate-size breeder. It 
will be much larger and much more 
nearly a power-producing, continuously 
operating reactor than the sm ill experi- 
mental breeder in Idaho. The scale-up 
planned is from 1,400 to 62,500 kw of 


heat, and from 170 to 15,000) kw 
ol electric power, Temper itures and 
steam pressure will be increased to 
values appropriate to a full-scale power 
breect Auxiliaries, such as pumps, 
heat ¢ nangers ilves, et \ be of 
S1IZCS io 0 | table to i full-scale rt itor, 


3. Boiling water reactor. Present 


plans call for 20,000 kw of heat and 


5,000 electrical kw. One step between 
react nt and turbine ay 
eliminated eeding sten ectly to 
turt ( 


4. Homogeneous reactor. Present 
homogeneous renetor at Oak Ridge has 


hom ve hia 
been producing 1,000 kw of heat. It is 
being torn down NI \Nar D4 }). iD 
to be replaced by a 3,000 kw (heat 
unit A furthes step already planned, 
calls tor 65,000 kw of heat in sn homo- 
reneous re tor that ill bree [ I 
i blanket thorium surrouw oe the 
core. 


5. Sodium reactor experiment (SRE). 
This will be a grap ite-moderated, 
sodium-cooled 20,000 kw (heat) unit. 
No electric power would be produced. 

It is expected that North American 
Aviation Corp., which has designed the 


reactor Vill Start work on it short 


Boiling Reactor Tests 
Brighten Safety Picture 


Details of the highly Significant 
bomime-water reactor experiments done 
n Idahe st summer were revenled by 
the Atomie Energy Commission. last 





Reactor Exclusion Areas 

The reactor exclusion- 
area formula reported on 
page 75 of the March issue 
should have read: radius of 
exclusion area (in miles) 

0.01 \/ Power (in kw). 
The radical sign was in- 


advertently omitted. 
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irst reported in NUCLEONICS 
71), this work has impor- 


lor reactor safeguard con- 


and for nuclear power 


id long been worried about 
] ippen to a water-cooled 
f the flow of water were cut off. 
ired that if the water supply 
if the temperature of 
rose too rapidly boiling 
with disastrous results. 
the problem, W. H. Zinn, 
Argonne National Labora- 
small reactor in Idaho 
leliiberate intention of pro- 
jling. The reactor was ar- 
at the control rods could 
ejected causing the power 
the chain reaction to go 
on of a second from a few 
iny thousands of watts. 
x to AEC, this caused the 
violently that it was 
the reactor in a small 
peated trials showed that 
ise the boiling reduced the 
he reactor so rapidly that no 
ve Was done. 
itions for sate operation 
rs as the “swimming 
apparent. As far as 
onomies are concerned, 
ving may be effected by 
nerated in the reactor 
An intermediate 


") would be eliminated. 


U.S. Ore Supply Held 
Adequate by Mine Owner 


In est ting that uranium produe- 
S. had doubled in the 

is, Vernon Piek, a mine 

Grand Junction, Colorado 

he believed that 

domestic mines 


all the uranium 


statements in testityv- 
Senate Interior subcom- 
stigating supplies Ol stra- 


RAW MATERIALS 


® United States. Uranium 


I@ases now be obtained on public 


mining 


ed by oil and gas leases. 

osed to entrv under the 

now available under 
ranlum mining 


esult of research being carried 
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Washington Report 


Congress is certain to act this session on at least one and probably more 
fundamental changes in the Atomic Energy Act. 

The Republican leadership has put a priority tag on an amendment pet 
mitting exchange of limited weapons-use information with our allies in the 
North Atlantic Treaty Organization. It will be brought to a vote before the 


end of the current session. 


Congressional action is less certain for two other basic changes in the 
Act recommended by President Eisenhower in late February (NU, March, p 
74). One of these would encourage domestic industrial development of 
commercially-feasible nuclear power. The other would permit the exchange 


of nuclear power data with friendly nations. 


In an effort to determine the legislative future of the proposed amend 
ments, Nuc eonics recently interviewed key members of the Joint Congres 
sional Committee on Atomic Energy. Main conclusions of this preliminary 
survey: 

P One or more bills covering the President's general proposals will be intro 
duced by the Joint Committee by mid-April with hearings to be scheduled a 
few weeks later 

P Course of the hearings and of the Committee discussions to follow are hard 
to predict, but it is probable that proposed amendments reported to the HLouse 
and Senate will incorporate the general proposals of the President 

P if it becomes obvious that the industrial power legislation will unduly 
delay action on the international aspects of the proposals, they may be 
separated, 

P Several key members of the Joint Committee are not convinced of any great 
sense of urgency as regards the domestic nuclear power proposals. 

& The House can be counted on to go along with the recommendations of the 


Joint Committee, but the Senate is much less a sure bet. 


Most optimistic of those interviewed was Chairman Sterling Cole of 
New York who believes the proposals can be handled in a single package 
Once the measure is introduced, he thinks jt will move along over the legis 
lative hurdles in an orderly manner and brought to a vote in both houses. As 
far as Cole is concerned, all three proposals are on the “must” list of legisla 
tion for this session and he is directing his Committee work accordingly 

Senate Republican Leader William Knowland, who is also a member of the 
Joint Committee, hopes to get atomic energy legislation out of committee and 
up for Senate debate by late May or early June. While the Senate supposedly 
has no “must” list of legislation, Senator kKnowland told NUuCLEONICS that the 
atomic energy proposals will have priority when they come to the full Senate 
for action. 

For tactical reasons, the Senate leader doesn’t want them to come out dur 
ing the last minute rush in July as lawmakers are hurrying toward an election 


year adjournment 


When it comes right down to actual proposals that Congress will yot: 
on, there were marked differences of opinion among the Committee members 
interviewed, At least three members were not at all convineed that the 
international proposals should be incorporated in the same measure with 


industrial development of nuclear power. 


Members generally agree that the proposal to share weapons-use infor 
mation with our NATO allies is the most urgent from a national standpoint 
The White House and Defense Department are pushing this one hard. | \lem 
bers interviewed believed this proposal must be approved by Congress even 
if the other two have to be temporarily shelved. 

All members questioned agreed that strict limitations must be placed on the 
amount and nature of the data to be shared, but they feel, as one member 
put it, “There is no use keeping from our friends the weapons-use information 


Clontir 
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Washington Report (Continued) 


necessary to our Common defense We know for a certainty that unfriendly 


nations have this information 


Next in priority comes the proposal for sharing industrial nuclear power 
information with friendly nations. Main reason given was that the L.S. must 
exchange some of this information if we are to expect continued access to such 
rich uranium ore as that furnished by the Belgian Congo 

While all members interviewed favored relaxation of the Atomic Energy 
Act to encourage wider industrial development of nuclear power, none thought 
that it was urgent for this year 

Three members foresee considerable controversy in committee over this 
proposal. Because of the relatively short time left in the present session, 
they are not certain that the power proposal can be fully dealt with. 

Two committee members lean toward the proposition that the power amend- 
ments are so far-reaching in nature that extensive revision of the Act is needed 
As one of them put it, “We want to be dead sure that changes in the act are 
so worded that they will accomplish precisely what we are seeking —and not 


one bit more. 


A few members are willing to get down into such details of the power pro- 
posals as the procedure for securing patents on nuclear power developments 
Three members, for instance, now believe that there should be a ten-year 
period of non-exclusive patents once the act is relaxed on industrial deyelop- 
ment. In his message to Congress, President Eisenhower suggested a five- 
year period for non-exclusive patents in this field. After this preliminary 
period, patent procedures gradually would be brought into line with standard 
patent procedure, 

= 


Continued access to the rich Belgian Congo uranium deposits may hinge 
on the outcome of the Eisenhower proposal for sharing nuclear power infor 
mation with friendly nations. High-grade ore from the Congo makes that 


our cheapest source of supply, and AEC lists it as a “major produces 


Executive agreements with the Belgian government were written in 1944 


under stress of war. Britain was a third party Agreements have been re 
vised from time to time to afford Belgium more financial compensation, but 
that is not enough to satisfy the power-hungry country. [lt wants to be able 
to use its uranium to produce useful industrial energy and it badly needs U.S. 


know-how to bring that about 


Expiration date of the agreements has never been disclosed by AK 
and ts hard to get from other sources. Informed but nongovernment sources 
have put the expiration date between 1L954and 1956. [tis of vital importance 
because Belgium will then be in a position to choke off this source of supply 


unless we loosen our hold on power reactor information 


Ultimatum of a sort came on this score from Belgian Foreign Minister 
Van Zeeland in a recent speech in the Chamber of Deputies It was little 
noticed by the LLS press, but a diplomatic cable of the speech received by 


the State Department is being studied closely in Washington 


Van Zeeland will demand when the agreements are about to expire ot 


When it appears useful to replace them 
Pe That it be a question of a true association—in English TI would say 
‘partnership’ ona plane of complete equality and to all useful ends 
Pi That what [shall call ‘the clause of the most favored nation’ be assured 
us within the framework of such an agreement 

Perhaps deliberately, Van Zeeland did not mention the expiration date 


of these agreements. 


He also contirmed what had been reported earlier in NUCLEONICS (Novy. 752, 
p. 105), that the original agreement had never contemplated the uranium sold 
to the U.S. being used for anything except the defense of the Western world. 
Phe possibility of nonmilitary application had not been envisaged. Because 
of this, some in AEC opposed wide publicity on industrial nuclear power in 


this counters 
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out | the Texas Citv Chemical Cor- 
poration on recovery of uranium trom 


phosphate rock, the firm plans to ex- 


pand its Texus City Texas, plant. 
Construction is expected to begin this 
fall Then present plant is the second 
inthe U.S. for the by-product recovery 
of uranium from phosphate rock; 
Blockson Chemical Company's plant 
it Joliet, I was the first Plants 
soon 1 completed in Florida by 
Internation Minerals and Chemicals 
Corp. and Virginia-Carolina Chemical 
Corp 

A uranium-ore-treating plant (NU, 


Feb. “54. p. 76) to be located at Ship- 
rock, N. M., is being built by Western- 
Knapp for Kerr-McGee Oil Industries 
under a design and flow sheet worked 
out by Kerr-MeceGee in) conjunction 
with Alx( 


primary to process carnotite trom 


The plant is being built 


company-owned mines, but it also wall 


do custom processing 


@ Australia. A uranium strike’ be- 
lheved to be as rich iis the Northern 
Territory’s Rum Jungle has been made 
near Chillagoe, North Queensland. 
An assay of a sumple from one of the 


outcrops showed 5-10¢% uranium. 


® Peru. <A oint USAERC-Peruvian 


team is surveying possible uranium de- 
posits nh central and southern areas 
of the countr No commerciallv-ex- 
ploitable discoveries have been dis- 
covered S et in i l 


NEWSMAKERS 


Walter J. Williams, recently-resigned 
as deputy general manager of ACC, has 
been 2 nite i clistinwuistie SOT VICE 
\ the Commissior He has 
Hece ( ( resident of the Taconite 
Cont: ting Corp Te lirecting 
devel ent ¢ on ores the Lake 
SU pre eg 


Frank R. Ward, forme: with AEC’s 


divis ( exctor development, is now 
project ( dinator in the re tor and 
mate! ~ department of Westinghouse 
lect ss utom power division, 


nd 2 L. Fowler have been 


E. P. Blizard 


ippotnted associate directors ot the 
pt “ICs sion at Oak Ridge National 
Liab t Blizard will be n charge 
( pki ( tor phvysies 


Harvey A. Wagner hiss been named di- 
rect { nuclear power development 


for Detroit Edison Co. Robert W 


Hartwell becomes assistant director of 
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7 7 eine a 
First AUTOMATIC 
FLOW COUNTER 

Here is the first commercially practicable, completely 
sealed flow counter for automatic radioassays either 
in the Geiger or proportional region, 1 he instru- 
ment accepts 25 samples of any size up to 1 7/8” D 
Completely automatic Geiger by 5/16” high, with choice of appropriate cham- 
or Proportional counting. ber sizes. Each sample may be counted from 
one to four times in cyclical order, or the 

2 pi geometry. unit may be set so that the cycles are repeated 
indefinitely. The SC-50 may be used either 

25 samples up to 1 7/8” D in size. with the Superscaler or Autoscaler and re- 
sults are printed on a tape by the Printing 
Interval Timer, a unit designed specifically 
for nuclear use. Please request Tracerlog 


° 
Overall occurncy of 1%. No. 37, for complete details. 


Automatic sample recycling. 


Elapsed time printed for each sample 
or cumulatively. 


Tacerian: ... 


130 HIGH ST. BOSTON 
LOS ANGELES @ PARIS @ CHICAGO @ CLEVELAND 2030 WRIGHT AVE., RICHMOND, CAL 
WASHINGTON @ NEW YORK @ HOUSTON @ ATLANTA 
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Proceedings 


of sessions on 
“Business Opportunities 
in 
Atomic Energy” 


held March 15-16 
at the Biltmore Hotel. 
Vew York 


The full report, covering 
four half-day and one 


evening’s meetings 


available at 


$ 


a copy. 


Reports on individual 


sessions at $1.50 each: 


1. “Uses of \tomiu 
nergy Materials in In 
dustry.” 


2. “Potential Industrial 
Applications of Atomic 
nergy.” 

5. “Research Facilities 


Available to Industry.” 


bk “Government Sery 


ices to Industry.” 


» “Products tequired 
by Atomic Energy Pro 


eram.” 


Atomic Industrial Forum, Inc. 
260 Madison Avenue 
New York 16, N. Y. 
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Sidelights 


AEC construction high. During the last half of 1953, AEC’s construction 


program made up 3.35; of the nation’s total spending for building 

& 
Foster Wheeler-Pioneer Service studying breeder. After considering 
many types of reactor designs, the Foster Wheeler-Pioneer Service industrial 
power study team has decided to concentrate its studies on a thermal circu- 
lating fuel reactor that breeds U*** from thorium. Also considered promising 
by the group are: fast plutonium breeders with easily-processed fuel, pressur- 
ized water reactors with long-life fuel elements, and sodium-graphite reactors 
with long-life fuel elements. 

6 
lurkey to build cyclotron. Radioisotopes for medical research will be 
produced by a $714,200-cyclotron to be built during the next five vears at 
Istanbul University. 

. 
Cosmic rays to be studied in Australia. The University of Sydney 
plans to build an underground laboratory for meson study. Protons and 
electrons from the cosmic rays will be shielded by 50 ft of earth. 

s 
Safety studies being speeded. According to C. R. McCullough, chairman, 
AEC Advisory Committee on Reactor Safeguards, “Steps are being taken 
to arrange for sufficient personnel and organization so that the evaluation of 
reactor, problems and hazards will in no way be a stumbling block or a 
delaying factor in progress of reactors.” Some feel that any group set up to 
handle reactor safeguard problems should be similar in function to the Civil 
\eronautics Board. 

a 
British synchrotron operation limited. Shielding inadequacies caused by 
space limitations limit operating time of the 1,000-\Mley proton synchrotron 
it Birmingham, England, to about 30 minutes per day. The unit, largest in 
Europe, was constructed in a building already housing a 25-Mey cyclotron. 
This was necessary because of building restrictions that existed in England 
during the early postwar years. 

2 
Savannah River plant nears completion. About 6,000 of an estimated 
eventual total operating force of 8,000 were working at AEC’s Savannah 
River plant by the beginning of this year. E. 1. du Pont de Nemours & 
(company is building and operating the plant 


Brazil to have first cyclotron in South America. A 6.5-\lev synehro- 
eyelotron built at the University of Chicago, will be used in Rio de Janeiro 
to produce radioisotopes for medical studies and to train Brazilian physicists 


Th Title le if physic s. 


California has mobile radiological laboratories. Emergency radio 
logical assays of air, water and food supplies in event of atomic attack will be 
performed by 16 labs mounted on truck bodies. Each unit costs $15,000. 
California’s civil defense office also has let a contract for the construction of 
105 radiological monitor trailers 

ra 


Site chosen for British breeder plant. Dounreay in Caithness, Scotland, 
has been selected as the site for Britain’s second nuclear power plant It will 
use a large fast reactor of the breeder type (NU, Dee. 953, p. 70 


Smyth reported planning to resign as AEC member. Henry DeWolf 
Smyth, whose term expires June 30, 1956, is reported to be planning to resign 
his post as a member of the Atomic Energy Commission \ commissioner 
since 1949, he reportedly soon will return to Princeton University’s physics 
department Phe appointment expiration dates of other commissioners are: 
Zuckert, “54: Campbell, 55; Murray, ‘57; and Strauss, '58 
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the firm’s nuclear powe! development 


depart lent 


Donald J. Leehey has been appointed 
manager of AEC’s Santa Fe operations 
office. He succeeds Carroll L. Tyler, 


who recently resigned. 


Frederick W. Brown will assume the 
duties of director of the National Bu- 
reau of Standards, Boulder (Colorado) 
Laboratories before July 1. The 
Bureau’s Central Radio Propagation 
Laboratory and the joint NBS-AEC 
Cryogenics Engineering Laboratory 
will be under his jurisdiction. The 
ervogenics laboratory conducts a re- 
search program for AFC and the An 
For 


R. E. Zirkle has been appointed chair- 
man of the National Research Council's 
subcommittee on radiobiology. He 


succeeds H. 3 Friedell. 


Howard P. Doub, head of the radiology 
department of Detroit’s Henry Ford 
Hospital, has been elected president of 
the American College of Radiology. 


D. J. Hughes, a Fulbright professor, is 
lecturing in neutron physics at Oxford’s 
Clarendon:Laboratory. He is on leave 


from Brookhaven National Laboratory. 


Robert D. Huntoon his been appointed 

associate director tor physics ot the Na- 

tional Bureau of Standards. Wallace 

R. Brode, A. T. McPherson, and 

Nicholas E. Golovin are associate di- 

rectors for (respectively) chemistry 
testing, and administration. 

C. J. Borkowski has been appointed di- 

rector of the new instrumentation and 

controls division of Oak Ridge National 

He also willserve as head 

entation for nuclear chem- 

dt Harrill has been 

inte division director, and 

E. P. Epler is now head of the reactor 


controls department. 


MEETINGS 


May 17-19: Radiation Research Soci- 
ety Annual Meeting (NU, Feb. 754, 
p. 79 


July 13.17: Glasgow Conference on 
Experimental and Theoretical Nuclear 


Physics (NU, Jan. 54, p. 77). 


July 19 24: Harwell Radioisotope 
Conference (NU, Jan. ‘54, p. 74). 
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NOW —simple, high-efficiency measurement of 


radioactivity of liquid or solid samples with 


‘TAG C008 complete scintillation counting systems 





BERKELEY Model 2001 Decimal Scaler 

. and Model 2250 Vial Scintillation Counter 

my ‘. with Model 2254 Lead Shield ...a typical 
BERKELEY complete system for laboratory or 


FEATURES: clinical measurements of gamma radiation. 
SIMPLICITY of installation and operation due to BERKELEY'’s “‘com- 


plete system” design. Gamma counting eliminates tedius sample 


preparation. 
Jat. CSG DM Offers a 


EXCEPTIONALLY HIGH EFFICIENCY (better than 25° with Senet tine of 


a 1 ml sample of Iodine 131). Nuclear Instruments, 
, Accessories! 
LOW COST... total cost of complete system pictured 


- ¢ < ; . ; ¢ Decimal Scalers 

above is $1,155.00, f.o.b. factory. > asain eioee 

¢ Count Rate Meters 

DIRECT-READING DIGITAL PRESENTATION reduces error. © Counting Rate Computers 
e Survey Instruments, 

FLEXIBILITY... BERKELEY offers a wide range of Monitors 


. ; SPE e Scintillation Counters 
scintillation counters, shields, count rate meters, count © Decimal Counting Units 
ing rate computers, re orders and other accessories for e Double Pulse Generators 
use with BERKELEY counting systems. Your initial Accessories: Automatic 
installation may thus be readily and economically ex- Timers, Clocks, GM Tubes, 

; . Probe Assemblies, 
Recorders, Lead Shields, 
Planchets, Absorbers 


panded as required, 





Berkeley 


BECKMAN INSTRUMENTS INC. 


2200 WRIGHT AVE., RICHMOND, CALIF 


- Dept. E-4 2200 Wright Ave., Richmond, Calif. 


Name 





Please send catalog, | 


prices on Title 





Berkeley Scintillation Systems [(~ 


| 
| 
| 
| 





Complete Nuclear Line 





| 
a 





PRODUCTS anno MATERIALS 


G-M Counters 
Five counters a 
nig, 
The model 12 bismuth 

said to have an efficienes 


that of standard G- 


HSsaving 
counter ts 
~S!. times 
tubes for [! s1ze 1s | 

j The 


eounter ts 


1 oliass ol brass model 


internal helix designed 


assays of liquid samples; internal th 


will glass helix permits counting 
bets iid 


The 


counter 


Curie tniias helix VOLULTr ie 


model DB-35 
with 


lem’, 
window window 


ness of LA 2 mg em? or 3 4 me 
halogen (yibe nie hed tube tor 
struments; s1ze > 


silable 


and 


models cy with 


two 
voltage ot 400 
model Dbe-l4 mies end winde 
filled 
beta Counter 
1b 2ing 
it\ tilable 
una 


ln ta-counting 


hi tlowe n-qquere } { | 
ists 


emer size is | 


window 


operating voltuwes 
The 


erspon 


0) -yvaolts 
Witton this kes 
The ANtomare 
Kanipment, [ne 
York 1 i ee 


Conte 


Nuclear Scattering Microscope 
The model MS-2 microscope ts suital 
the 


\ system of comp 


how nuclear-track er 


se in 


ter hinique 


84 


radiochemie al analysis and radio 


\I 
Sic enveloy 


e available for monitor 


( 


blades is said to eliminate stage noise 
the XN and Z 
Y motion can be blocked for measure- 
the X Nuclear- 


track plates can be moved a preseles ted 


in motion along “aXCS 


tlong “AXIS. 


ments 
distance measurements 
Inde- 
magnetic and pneumatic rota- 
‘ms permit: rotation at 
plate \ 
2? OOO 


lor 


scattering 


Scanning area is 50 90 mm. 


pendent 
any 
tilable « 
niucrots 
Hinination sy 
mb eects % 
m-type iuterter- 
displacement 


Koristka Opt 


hited by S 


Thy 





Radiographic Equipment 
The PEs 


lor Us ns ! idiog 


Panoramic Exposure Shield 

tilable 
2 OOO 
1.000 me. 


raphy, isa 
202 


102 fon 


nodel 

lle steel source 
ddyustable up 
postire tube 
The 


on wheels 


three units 
Dimen- 


} awl 


high, 19 in. wide and 


SI ipping weights are 
the 2O2 and 600I1b for the 402 


ations. Inc.. ¢ 
Vas 


Schoul 


Shielding 


poe “ viene ¢ 


Material 


mater! 


Radioactivity Shield 
The Ras 
vault for radioaetiy 

ker Oululihi- t haa 


ally bonded 


sist storage and transportation 
Is made 
The lead 
to the 


> materials 


=tee! 


unless 


1 not to separate 
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The 


a screw-type design 


eap is 
through 
stabilized by a locking device: 
ible lead plug is provided. For 
to high heat, vaults are 
insulated steel jacket 
all sizes. 
15 Borden Ave 


. es ° 
available in 


Tn 4 


CD G-M Counter 
RA-1U3 G-M 


contammed 


eounter ts 
providing 
ntermittent = service 
netion with earphones, it 
uid 
it weighs 


Can 


defense 


Decade Shunt 
2008 decade plugs onto a 
trometer, converting it te 
y micromicroammete! 
es ten current ranges in 
full-scale 


4 o 10 2 ty 


permitting 
irements of 
Absolute accuracy is 


readings and 


ower-scale 
readings Time con- 
i110 ranges and 2 see 
Keithley I nstru- 

Li Cleveland 


P-9 
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Want more information? 


Magnetic Pump 
The Dy 


netic pump, for circulator 


napump stainless-steel muag- 
applicati lis 
has no shaft sen mn 
Pur 

It necepts interchangeable 
1 Pres 


P-10 


require servic 
heads 
flanges of | i Fosto 


Steel Corp., Fosto ()/ 


Scintillation Phosphors 


Crvstalline and plastic p 

counting alphas, betas 
ini \-1 iVs 

iuminum Capsule 

with | in 


suitable tor 


available for 
gadniias, neutrons 


Nal(Tl) in se 


with optical ginss Window 


protons 


led 


2em* or 1 em rvstals, Is 
direct flut-{ 


multiplier tubes.  Stilbene 


mounting on wed photo- 
is supplied 
in rough single ¢1 nachined and 
Zin = petite l i i 


perspex (1! o-in. diam r py . In.) Oo 
r tabrieated 


polished. lable in 
us silver-activated | 


alpha sereens Pets vl butadiene 


in polystyrene is in bulk, on 


machined and po “Ll to specified 
dimensions Cadmium sulfide is 
Zz > waKi xt 

ervstals olope De 
Finsbury House 120) 


Londo Enq P-1 1 


sup 


plied as 6 mm 


! 
needle relopmients 


Ltd 
Voorgate, 


Radiation Monitor 
The model CAN37P scintillation sur- 


vey meter provides eight ranges 


viving 
full-scale readings from 0.05 mr hr to 


500 ri. Standard instrument is 


furnished with l', & %, in. Nal(Tl) 


Use post cord insert in this issue 


Al con 
other 


crystal hermetically sealed in 
Zus, 
phosphors, plasticized and mounted in 

Multi- 
plier tube is RCA 5819, or equivalent 
DuMont 


voltage 


tamer; anthracene and 


Snap-on holders, are available 


tube if requested dyvnode 


divider network is) mounted 


in probe. Over-all sensitivity adjust 
ment is provided for calibrating energy 
dependent crystals; eight controls are 
provided for adjusting individual sensi 
tivity of the ranges and ninth contro 
for adjusting dark-current 
R-C' Scientific Inst 


Culver Blvd. Pla 


eireuit 


Decade Scaler 
The 


Dekatron 


tvpe N 520 five 
tubes It 
voltage 


stubilized high 


Supp 


amplifier, and pulse-height 


nator supplies are avatlable for o 

iting G-M > probe unit or seimtillation 
Input resolution time 

‘keo Electronics Ltd., Sou 


"S80 England 


counter 


Water Pump 
The 


scoop 


model 4300) bronze pump 


rotor and rubber 


vanes, is designed for continuous water 


recirculation through the use of sealed 
lubricated ball 


test with 


permanently bearings 
A continuous 5,000-h1 
at 40 |b is said to have caused no meas- 
the Hvy-Car 


The 


water 


urable wear in rubber 


rollers or the pump case pump 
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For Measuring 


RADIOACTIVE 
EMISSION 





Gamma Ray 
Pocket Dosimeter 


protection instrument to 
exposure to x or 
con 


A personnel 
measure cumulative 
gamma rays. The cylindrical cas¢ 
tains an ionization chamber and a quartz 


fiber electrometer. Optical system en 
ables position of the fiber to be read 
easily upon a 40-division translucent 
scale. Standard range 0-200 milliroent 


gens. Size 454” x 4” dia 
Other CAMBRIDGE Instruments 
LINDEMANN- 


RYERSON 
ELECTROMETER 





stability 
Does not require leveling. When reading 
the upper end of the needle is observed 
on a scale illuminated through a window 


has high sensitivity and good 


in bottom of case. Size 8.3 x 6.5 x 3.5 


cm. Weight 0.17 kg 


CAMBRIDGE PORTA- 
BLE PROJECTION 
VIEWER—This new 
Projection Vir 
used in conjunction 
with the Linde 
mann-Ryerson Elec 
ilitates 
of th 
deflection of the electrometer pointer. A 
beam of light from a lamp in front of 
the case projects the image of the index 
pointer onto a mirror in the rear of the 
case. This image, magnified 100 times, is 
then reflected upon a translucent screen 


wer 





oO ~ trometer, fac 


observation 


clearly visible in the front and upper 
part of the case. This screen is 120 mm 
long and is divided into 120 divisions 


numbered 60-0-60. The pointer is zero d 
by grounding the electrometer by 


of a rubber bulb 


“CHANG and ENG" FAST NEUTRON DETEC- 
TOR follows original design « 
U. S. Atomic Energy Commission. Cor 
sists of twin ionization chambers, Lind 
mann Electrometer, reading 
and dry cells. Self-contained 


PRECISION IONIZATION METER (Failla D: 
\ complete instrument for null 
measurement 


closely 


microscope 


Sign 
methods of radioactivity 
where background radiation effects mus 
be eliminated. Operated from A.C. out 
let 

Send for complete information 


CAMBRIDGE INSTRUMENT CO., INC. 
Pioneer Manutacturers of Pre n Instrument 
3774 Grand Central Terminal, N. Y. 17, N.Y 
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delivers 7 gal/min at 50 Ib pressure 
ind 1,750 rpm. Pressure range 1s 
0-75 Ib/it Hypro Engineering, Ine 





Dept. KP, 404 N Washington Ave 
Vinneapolis 1. Minn. (P-14 

Vacuum-Tube Voltmeter 

The model 1520 vacuum-tube volt- 
eter covers range ofl 500 wy to 500 


over a Trequeney range ol 


15 eveles to 250 ke Meter is cali- 


brated in a-c voltage and decibels. 
Meter-seale range is 0.5-5.0 volts. 
Decibel range is 5 to +17 db, based 
on zero db equalling | mw in 600 ohms. 
Co? unication Veasurements Labo- 
ratory. Ine 350 Leland Ave.. Plainfield. 
No (P-15 





Portable Oven 
The model HT-2 


) portable oven ther- 
controlled 


ostatically has a runge ol 
JO0-1.000° | 
ded Drip 


rht and outside reading thermometer 


] Youble doors nre 
shelf 


pro- 


pan, lower pilot 


re tandard equipment ; additional 
shelves ind iutomatic timer ire 


ibisatyle Heater is Inceonel-sheathed 


sealed tubular element Inside dimen- 
ns are 22 in. wide & IS in deep 
14 ) high Other models are 
i ble to 1,200 i Grieve-Hendr j 
Co., 1811-19 W. Lake St.. Chicago 
] P-16 

t more information Use post card insert in this 


ssue 





A-C, D-C Electrical Meter 


meter has SS over- 


The Universal SS 
lapping ranges in current and voltage 
so that all readings can be taken on the 
Available are 


upper half of the scale. 


24 ranges in d-e current from 200 ya, 


full scale, to 1.5 amperes; 28 ranges in 


d-c¢ voltage from 20 my, full seale, to 


790 volts; 16 ranges In a-c current from 
10 ma, full scale, to 3 amperes; and 
20 ranges in a-c volts from 0.5 volt, 
full scale to TOU volts Sensitive 
Research Instrument Corp 11 Elm 
Ave., Vount Vernon N.} P-17) 
Litz Cable 

This Litz cable, for applications of high 
voltage in the 20-400 ke region, ts 
wound on dielectric plastie core. Core 


diameters are !y, to 2 in Typical 


cables have included copper conductors 


of 33 and 3S gage laid on the core with 
a spiral of three turns per foot. Maxi- 
mum of 125 multiconductor strands 


ean be applied 


Conductors of Nvlon- 


I 


enamel insulated wire can be made 


continuous to rigid 
Polvethylene, 
Mylar, or other plastic cores are utilized. 
U.S. Plastic Rope ('o., 2581 


Redwood City 


individually speci- 


heation requirements 
Spring St., 


10. Calif P-18) 





Chart Reader 
The ¢ 


TheaAsure 


ontact Telereader is ¢ timed to 


{ 


iim and oseillogy iph reeords 


Possible by 
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manual methods. Measurements are 


ol rapid cross-wire 


ot O.O1 


made by means 


motion with 


The 


records of 


an accuracy in. 
handles single-sheet or roll 
length and 


Measurements 


rende! 
any width 
be 


line, 


any 


IS in ean 


between a trace and base 


wo tr peak-to-peak 


neces al 


It 


records 


traces handles or- 


and with 


records 


coordinates. Linear o1 


calibrations be 


] 


ean 
y or graphically. In com- 


with programming — units, 
ean be tvpewritten, perforated 
yunched cards. 


hank 


Tele computing 
(P-19) 


( ‘alif 


Solenoid Valves 


with 
re de- 


ases or liquids usually 


These three-way solenoid valves 


ster or stainless-steel bodies. 
wiie 


brass and cast iron, 
these 


bronze, 


vli-temperature coils, 


gases to 450 I. 


Valves 


water-tight 


indie 

with and 
solenoid enclosures o1 
osures. Pipe size is 1 in.; 
\axi- 
Auto- 


(P-20 


are '. s 


1.000 Ib ine? 
range, Nid. 


Ih. 








High-Temperature Terminals 


hermetic high-temperature ter- 


roduced by brazing metal 


high-alumina ceramic. <A 


d to have been used at 
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non- | 
applied | 


For SAFETY Sake 


Get The EXTRA PROTECTION 


This KEWAUNEE HOOD Gives! 


This new Kewaunee Safety Hood No. 3635 
gives your laboratory personnel 5-way protection: 


e Hood constructed entirely of 14 
ga. stainless steel, with '4” thick 
Pyrex glass viewing panels and fluo- 
rescent light. 


e When gloveport panel is removed 
for fume hood work, uniform veloc- 
ity of 100 ft. per minute is provided 
through the opening. 


e Interior of hood and all welds 
ground and polished to satin finish 
for easy cleaning and decontami- 
nation. 

e Hose connections for air, gas, 


vacuum, hot and cold water and 
110v electric current. Integral cup- 


@ PROTECTION IN HANDLING RADIOACTIVE MATERIAL 


© PROTECTION AGAINST BACTERIA 


@ PROTECTION AGAINST VIRUSES 


@ PROTECTION AGAINST TOXIC MATERIALS 


@ PROTECTION AGAINST FUMES 


sink and swivel spout water fixture. 

Neoprene gaskets throughout 

and 
and 
out 


e Blower, sterilamp, receptacle 
fluorescent light indicators 
switches conveniently located 
side 


hood and steel base 


acid resistant enamel 


e Exterior of 
finished with 
@ 1-piece welded stainless steel tran 
sition duct section. Provision is made 
for attachment of vestibule en- 
trance chamber to either end of hood, 
Height 
width 2 ft. 
avail 


@ Qutside measurements 
with stand) 6 ft. 6 in.; 
8 in.: length 4 ft. Hoods 
able in 5 and 6 ft. lengths 


also 


Write for descriptive literature and drawing on the Kewaunee 3635 Safety Hooa 


We also manufacture all types of Stainless Steel Equipment for radioactive 


laboratories. 


Manufacturers of wood and metal 
laboratory equipment 


Representatives in principal cities 


Want more information Use 


Laboratory tables, sinks, etc. 


post card insert in this issue 


for all types of laboratories. 


Fen ewaunee Mfg. Co: 


J. A. Campbell, President 
5083 S. Center Street ° Adrian, Mich, 
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350° C. Bond rupture is claimed not 


= . ins 
to have occurred when the terminals 
high-speed : ay: 


were plunged from liquid at 


microoscillograph — to liquid at +225° C for many cycles. ls 


Terminals have been made up to 3 in. 


flat response to diameter * 6in. Ceramaseal Co., Box 
ten thousand megacycles 25, New Lebanon Center, N.Y. (P-21) ; 


Central Research Laboratories’ High-Speed 
Microoscillograph makes single-sweep osc illograms 
of three simultaneous phenomena at frequencies up 
to 10,000 megacycles. With a high sensitivity of 
0.2 volt per trace width, thi is the instrument of 
choice for recording phénomena occuring in ‘ 
intervals of 10-5 to 10-!8 second 


Klectromagneticall) 
millimeter in diameter 
photographic plate 
chamber through a \ 
27 oscillograms with 1 
cycle ot photograp! cp 
reestablishing operatir 
2» minute 

6 individual) 
provided 3 signa 
are of traveling-wi 
impedance of 50 0 hi 

Phe instrument 








Gas Flowmeter 


Pre Baan oe Powe: SUPE sy Ce UItS 1 | The nodel 30 gas flowmeter consists 
700 pounds on a r-mount { 

26" x 36" x 76 >.) ofa dillerential pressure gage across a 

nen eSsu e-drop flow element It 

s operable at up to 20 psig tor mensur- 

t a7) write to ing gas flow and down to psin for 

euu service, Neither thie flow ele- 

Dept. 201 — Red Wing, Minnesota ee Kyi ment nor indicator require levelling 

the instrument is designed for semi- 


laboratories, “ihe remote applications. The meter may 


be operated from 60° to +1S0° F 





Full-senle flow ranges are iViailable 





m 0.003 to 30 tt® min tor most 


: FREE TECHNICAL REPORT = "= ome! fistownent Latore 


pri Ave ‘ 


— _\ CARBOLOY. HEVIMET FOR """" a 
RADIOACTIVE SCREENING 


Get the latest technical information on 
Carboloy Hevimet the ideal tungsten 





shield for radioactive screening. 

Hevimet provides 40% more gamma ray 
protection than lead. The technical report 
contains radiation comparison charts for 
Hevimet and lead absorbers for broad and 
‘am Radium and Co sources. 


Hevimet is machinable, dimensionally 





stable, and of relatively high tensile 
strength. Applications include: containers 


Heviimet is available in two grades, 

im any ze and shape ior radioactive materials, source wheels, 
X-ray machines and oil well logging 
equipment. Send coupon, today. 

Carboloy” is the trademark for products of the Carboloy Department of General Electric Company 





| CARBOLOY 


Recording Milliammeter 


| ‘hs | 
DEPARTMENT OF GENERAL ELECTRIC COMPANY Phis recording milliammeter uses stand- 

| 11130 E. 8 Mile Street, Detroit 32, Michigan | ard curvilinear chart papel and pro- 
Send me a free copy of new Hevimet Technical Report RV vides two independent channels and 

| Nome Position oa | four selective chart speeds \Iagnetic- 

| Cnmciite a | fluid-clutch meter movements permit . 
Address ? small instrument size (15! » Ib). Paper ‘ 

| one State | is standard 6-in. translucent chart in 

RES aaa EL Aaa 100-ft rolls. Chart speeds are 12 
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in. hr to 12 in.,min. Frequency re- 
sponse ranges through 15 eps with an 
accuracy of +5% from d-c through 
6 eps. Sensitivity is 0.45 in. 100 wa, 
with a linear recording range to 500 wa. 
Unidirectional recording is possible to 

Teras Instruments, Ine... 6000 


re.. Dallas 9. Texas. (P-23) 


Pyrex Stopcocks 
of Pyrex stopeocks, a 
pe clamp replaces the rubber 
formerly used. Tension — is 
remain positive longer; minor 
nts may be made. The re- 
tuine iso claimed to minimize the 
danger of freezing. Corning Glass 


Works, Corning, N.Y. (P-24) 


Spectrograph Attachment 


T ittachment for the Noreleo X-ray 
spectrograph permits use of helium 
in the X-ray beam path. 

path previously limited the 
spectrum range to calcium; 
extends the range down to 
Results obtained indicate a 

e sensitivity limit of 0.029% for 

vith comparable limits for other 

the same atomic range. 

equipment includes housing 

oses X-ray tube and provides 

ent tor specimen holder, 


pe collimator with mounting, 


SPECIALISTS 

in DESIGN 

and PRODUCTION 
of NUCLEAR 
INSTRUMENTS 





One of the precision SCALERS by /MC 


The SG-1A Scaler features all-electronic scaling, with no mechanical register needed 
Seven pre-set count ranges are available, from 100 to 100,000. An anti-overloading 
amplifier with Schmitt discriminator provides 20 millivolt sensitivity for scintillation and 
alpha proportional counting. A built-in timer provides pre-set times for a few seconds 
to one hour with 0.2 second accuracy. The SG-1A has an exceptionally stable, 300 to 
2500 volt power supply, controlled by a multi-turn dial with lock. Price (FOB New 
Haven, Conn.) is only $995. 


TMC also manufactures the SG-2A with high voltage power supply, pre-set time, scale 
of 100 to 1000, and with instantaneous reset register. 


RATEMETER RM-1A 


Wide range—1!00 to 100,000 C.P.M 

Choice of 1%, 3%, or 10 probable error 
High accuracy—!.5 of full scale 

Schmitt discriminator, 50 +150 volts 


Built-in alarm circuit 


Tm 


PULSE AMPLIFIER AP-1A 


Anti-overloading design 
300 microvolts, 10 millivolts, or 
300 millivolts sensitivities; noise-free 


ideal for C proportiona ounting and scintilla 
tion counting 


High stability 


“Tme 


POWER SUPPLIES 
HV-1A and HV-2A 


300 to 2500 volts, positive or negative (HV-1A) 


1000 to 5000 volts positive (HV-2A 


a 


Excellent stability; low noise 
High reset accuracy 


Multi-turn dial and lock 


All the instruments shown above are presently available from stock and are only a 
few of the nuclear instruments manufactured by TMC. Write for literature covering our 
other fine instruments such as the GP-1A Pulse Generator, the SG-3A Research Counter, 
and the SA-1A Multi-Channel Pulse Height Analyzer. 


Look to TMC for quality instruments to give long dependable service in your laboratory. 


TECHNICAL MEASUREMENT CORPORATION 


New Haven, Conn. Box 1947 
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MAGNETIC-AMPLIFIER 
CIRCUITS 
Just Published! 


Ireats the fundamental principles and appli- 


cations of magnetic amplifiers from the sim- 
plest, most practical viewpoint possible 4 
source of detailed information, it develop 


lovically the various kinds of basic and more 
complex circuit arrangements. Uses deserip- 
tive and graphical methods to give 

tive and comeawe mterpretation ¢ 
facts. Classified according to circuit functions 
material includes information on modern 
servo amplifiers used in high per- 


f essential 


magne tic 


formance e servomec hanisms mane tic ampli 
fiers of the balance detector type, improved 
techniques in analyzing the transient ponse 


Geveger, 


amplifiers. By W \ 
135 illus., 


of magnetic 
: Lab. 277 pp., 


U. S. Naval Ord. 
S600 














Introduction to 
NUCLEAR ENGINEERING 


Just Published! 


Gives an understanding of the 
problems 


unique engineering 
encountered in the nuclear 
energy field. Includes nuclea 
fission, the nuclear chain 
actor, reactor theory, radiation 


material 


shielding reactor 
and reactor control. Also coy 
ers separation of table iso 


topes, chemical processing of 
radioactive material remote 
handling equipment, Goes into 


special engineering problems 
Gives numerous examples. By 
Richard Stephenson, Consult- 
ing Engineer. 387 pp., 135 
illus., $8.00 














BIOLOGICAL EFFECTS 
of EXTERNAL X and 
GAMMA RADIATION 


National Nuclear Energy Series 
Vol. 22B, Div. IV, Plutonium Project Board 


Just Published! 


Covers the investigations of the National 
Cancer Institute of the effects of continuous 
gamma irradiation on life span, weight, blood 
picture, and breeding behavior of small lab 
oratory mammals, and of the induced changes 


including 


in organs and ussues, tumor pre 
duction. Some other subjects covered: the 
mortality of rabbits after XN idiation 
hematological effects on rabbit with pre 
existing anemia; basic studies of X-ray action 


metabolism. Edited by 
Prof. of Radiobiology, 
210 illus., 60 tables, 


on enzymes and tissue 
Raymond E. Zirkle, 
t of Chicago. 130 pp., 


‘mde 








_S) Oren 


SEE THESE BOOKS 10 DAYS FREE 


McGraw-Hill Book Co., 330 W. 42 St., NYC 3 


aneeoeatieaetarerimenaerano mene a 
| 


book(s) checked below for davs 


Send me 


examination on approval, In 10 days IT will 
remit for book(s) I keep, plus a few cent 
for delivery and return un anted book 

postpaid We pay for delivery if vou mit 


with this coupon; same return privilege 


CGeyger— Magnetic-amplifier Circuits $6.1) 
Stephenson Nuclear Engineering—$8.\" 
Zirkle NNES—Biological Effects of 


(Print) 

Name 

Address 

City Zone State 
Company 


Position 


This offer 


only 


applies to U. § 


External X and Gamma Radiation $7.25 


These welded-diaphragm metallic bel- 
hOWS ire claimed to have longet We 
since the welded construction allows 
better distribution of flexing. Stand- 
ird-tvpe bellows consists of series of 
male expansion elements; nesting type 
comprises series Of nesting male and 
female expansion elements for extreme 
flexibility. Standard type is produced 
in OO sizes, 1-36.0 in., 1. de: nesting 
tvpe is in 27 sizes, O.0S7-7.375 1n., 1. ad. 
Want more information? Use post card insert in this issue 


( cordion-shaped rubber jacket 


nel and 
compartment to 
G-M tube-collimator assembly Vorth 
Inc., Research & 


750 S. Fulton 


analyzing ervstal 


connects specimen 


Lmerican Philips Co., 
Control Instruments Di 
1ve., 


Vount Vernon, \. Y. 





Pirani Vacuum Gage 


The 
operates 
Hy 


eliminates 


516 Pirant 


the 


vacuum 
1.0- 0.001 


rue 


model 


ith range Hid 


Low -lpedance power rectifier 


need for voltage adjust 


ments during operation, One meter Is 


used for voltage adjustment and pres- 


sure reading Incorporation ol out- 


gassing circuitry on the pressure-range 
switch 


selector permits outgassing at 


any pressure without danger to the 
filament Ciage cords up to LOO ft 
long may be used. National Research 


Ve morial Dr.. Cambridge = 


P-26 


Corp 
Vass 


iO 





Metallic Bellows 





stainless 
Tite fle S. 
Vewark 5, 


( P-27) 


Both tvpes are available in 


steel \Ionel and 


Ine. 
Lae & 


Inconel 


Ave. 


WO kre linghuysen 





D-C Power Supply 
The model 302 d-¢ power supply pro- 
150-350 volts at 
O-SO ma, positive or negative grounded 
+ 0.05% 
ind load variations within 
150) volts 


vides two outputs: 


to chassis regulation 
against line 
specifications; 0 at O-5 ma, 


positive internally connected to nega- 


tive of output no. 1, regulation better 
than 1.0 against line variations 
only. Ripple is <3 mv; ambient tem- 


10° C. Several 
be paralleled and operated 
A-C output is 6.3 
Allied 


Ine., Allied Engineering 


perature range is O 


units min 
fromasingle control. 
volts at SJamperes, unregulated. 
International 
Div., Connecticut & Richards Aves., S. 


Vorwall (C'onn P-2s) 


Laboratory Electromagnet 
The V-4007 


ele tromagnet has changeable pole Caps 


6-in. model laboratory 


for uniform or high field work. Ad- 
justable gap provides gap range of 
1,-6 in. Dolly mount permits mobil- 
itv without loss of rigidit \lugnet 


angle can be changed for 


yoke Various 
working positions. Model V-2200 reg- 
ulated power supply is available for 
operation ol the magnet: it has provi- 
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d modulating and nuclear- 
-resonance field-controlling 
1ates Special Products 


Palo Alto, Calif. (P-29 


Digital Time Meter 


odel D705 digital time-interval 
measures intervals of 40 usec to 
with accuracy of +10 psec. 
is selectable. Three channels 
vided for start, stop, and start- 
Sensitivity is 1 volt with rise 
greater than | volt see. Fre- 
+1 part in 100,000. 

ement Co., Inc., Box 1344, 

Fla. (P-30) 


Germanium Diodes 


These six ervstal diodes are of ger- 
manium point-contact type and uti- 
ize sealed-in-glass construction. Gen- 
ral-purpose type IN34-A_ is for 
wer rectification. Large-signal 

| N3S-A is useful in electronic com- 

and clamping circuits. High- 
resistance type IN54-A is for use 

and d-e restorer circuits, 

mpedance high-voltage probes, 
h-impedance detector circuits. 

| tvpe IN55-A has a high 

rse voltage rating. High- 

ntyvpe INS6-A has exception- 

avnamic impedance. Type 

milar to tvpe IN55-A but 

peak inverse voltage rating. 

of America, Tube Dept. 

(P-3] 


Digital Computer 


The ALWA(C a low-cost. general- 


electronic digital computer 
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You Specified. 


Wave Length Inde 


Pendency 
A Ss i 
table, Drift. Free Circuit 
Rug ~Y | 
9e€dnes,; Ct Light Weigh 
ght 


Convenience in Use 


YOU GET ALL OF THESE SPECIFIED FEATURES AND MORE-IN A 


New GAMMA DOSE RATE SURVEY METER, 


BUILT BY THE PIONEER MANUFACTURER OF RADIATION INSTRUMENTS 


¢ THREE RANGES OF SENSITIVITY: 
MODEL 592—0-10, 0-100, 0-1000 mr/hour. 
MODEL 592A—0-5, 0-50, 0-500 r/hour. 


Two-stage D.C. amplifier circuit with 100% negative feedback. 
Factory calibrated on x-ray and radium or Cobalt 60. 


Accuracy conservatively rated at 10% of true dose over an energy 
range of 50 Kev to 1.3 Mev. 


Plug-in ion chamber for interchangeability. 
lon chamber for model 592A may be used in 592. 


Hermetically sealed ion chamber in model 592 is unaffected by 
environmental conditions of temperature, humidity or pressure 


Single hi-meg and electrometer tube sealed in the ion chamber 
Two controls .. . An on-off-range switch and zero set 
Well balanced with handle on top. 


Rugged, fiber-glass reinforced case easily decontaminated . . . meets 
military requirements. 


Weighs only 4% pounds. 


For Further Details . . . Write for Form 3021 
MEDICAL INSTRUMENTS DIVISION 
o 

The Victoreen Instrument Co. 


5806 HOUGH AVENUE ° CLEVELAND 3, OHIO 


Want more information? Use post card insert in this issue. 















ELECTRIC OVE 


GRIEVE- 
HENDRY 


PORTABLE 
ELECTRIC 
OVEN 


FOR 
PRODUCTION 

OR 
LABORATORY 


Quick Quotations 
— Prompt Deliv- 
ery — Reason- 
able Prices — on 
Ovens made to 
your specifica- 
tions. 


Other standard models with temperature ranges to 1000°F available 
Write for literature. 


GRIEVE-HENDRY CO., INC. 











with internally programmed magnetic 
It ol 
memory unit, control unit, and 


consists an arithmetic 


drum, 





. Only 


89 





unit, 





input-output sections. Rotating mag- 






» O48-word 


Automatic 





drum has 


stor 


netic memory 





iain age 


50 





Capacity 








] graph-following and graph-plotting 

on “1 4 equipment can he provided lor input ,’ 
y = | and output. Logistics Research, Inc., 
Redondo Beach, Calif P-32 





7 Model cr-1 \ 
10 cu ff. capacity—30" wide x 25 
deep x 24” high. Removable shelves 
ond drip pon 


Portable. Adjustable temperature con- 
trol to 225°F. Fan driven forced air 
circulation. Uniform temperature 
throughout. Plugs into any 110V wall 
outlet—no special wiring required. Can 
be used in a group or bank. 





Volt-Ohm-Milliammeter 
The 
prov ides 33 





model 262 volt-ohm-milliammeter 


th nue of 





ranges Ww 


CUPracy 





24 
oO: 


‘ 


Und ow", 





full-scale 


ti-¢ ol 

















Export Dept., 306 W. Washington Blvd., Chicago 6, Illinois deflection, D-C Voltage ranges are 
1823 W. Lake St., Chicago 12, III. Te WO OOS vote with Shae 
ohms volt sensitivity Aut) voltage 
ranges are 0-3 to O-SOO volts with 
. ' ~ ’ 
Examine Free! 5,000 ohms. volt sensitivity. A-F out- 
INTRODUCTION cael cae ero altel 
volts with 0.1 wf internal series capaci- 
TO NUCLEAR tor Volume level iMges wre 12 
11 to 22.5-4+-45.5 decibels with 
ENGINEERING zero db power level of 0.001 watt in 600 
ohms. D)-¢ resistance ranges are 
by Raymond L. Murray 5 5 } 
0-500 ohms to 0-50 megohms. D-¢ 
“er age Herc is a new vat current ranges are O-SO us to 0-16 
4 ne kap Ytiween Stundarc ne 
and physics principles and actual l ns ‘res wit! 67 mV maximum d } 
Mr cet eneincertie It pf Page ese ” the ream im i 7 raat eae site 
author's experience at the Oak Ridge Atomi SUM ps stectric Ce AK e 
Il aboratories iid. on his natticioation n the ee 5 , biol si pe ni 
development of the only peacetime react St., Chicago i P-33 
in the | S. at North Carolina State Collese , 
Every phase of nuclear engineering from fi ion 
and the chain reaction to nuclear pu ” 
of aircraft. submarines and rockets is descrit d 
Contents imeclude Atomic and Nuclear Physics : - 
Neutrons. Fission and th Chain React f this vick-read- 
hp Separation of sot wee. The W it r B A rr ” . 
eactor Start-Up and Operation. Materials ° Hi 
Reactor Construction etectors cad Contr ing, 8-page booklet 1S yours 
erameets Principles of Heat Transfer j 
luid Flow. Plutonium Production j i 
Nuclear Reactor Principles. Design G for the asking. It contains 
Cooled Enriched Uranium Reactor Radiat i 
Hazards. Shielding. Radioactive Waste D many facts on the benefits 
Posal Neutron Experiments. Us¢ Rad 
active and Stable Isotopes. Ele | Power 4 j 
from Fissionable Fuel estan I derived from your business 
a Cooled Normal-Uranmium R t 
cl Propulsio o i t bona ris : 
Nee aoe, Seen n of Aircraft, § irine poper and tips on how to 
FREE 10-DAY TRIAL. Mail coupon bel for . : 
tree examination cops After ten» days read more profitably. Write . 
$9.35 or return book and owe nothing Amplifier 
P Premice Tan ic. Dept MARTI ~— — ~— for the “WHY and HOW lel TAA-16B amp! 
1 70 Fifth Ave, New York 11, N. ¥ | Phe model TAA-16B impiiher deter- 
S iene A for free cxamination§ a fy booklet. muUuNnes standing-wave ratios or com- 
ODUCTION TO NUCLEAR EN | 
| GINEERING. At the end of ten days | i @e34+re30ee#eeeee @ ¢ pares any two demodulated signals. 
| either remit $9.35 plus tew cents ¢ n | 
ceuare the boek ate ee eee ; — Dual input channels have sufficient 
| ce | McGraw-Hill Publishing Com- gain for tull-scale meter deflection with 
| ——____ - J pany, Room 2710, 330 West . { \ lif | | 
S27 ITpoU Mipwher mia © User 
p Address 42nd St., New York 36, N. Y. sage eg 
: pes on - | broadban if 0-9. O00 eveles 0 
ii Sate Eadie ae Ge ce —s shia tuned er this range For 
92 Wont more inf tion Use post card insert in this issue April, 1954 - NUCLEONICS 


























bolometer Use nternal voltage source 


s supplied with adjustable current for 
either input \leter scale is calibrated t € 
nSWR and dbof SWR witha precision —_—_- 


ittenuat permitting db of SWR read- 
coo" | a MECHANICAL 
i / ) Main St Winchester 


ei es 78 DIFFERENTIAL 


from 


FORD INSTRUMENT 
COMPANY 


® Operates in working circle of 1.000° max. diameter 


® Lost motion does not exceed 12 mins. 





® High sensitivity 

® Stainless steel throughout; resistance to wear and corrosion 
® Uses Zerol bevel gears 

© Weight, with typical end gears, is less than one ounce 











Phe 4%” differential is the latest and smallest addition to 
the Ford Instrument line of single spider gear differentials 





Engineered to highest military and commercial standards 
WRITE FOR 


FULL DETAILS 
Fully illustrated data 
sheet gives perform 


this highly reliable unit provides extreme accuracy in addi 


tive and subtractive operations, while functioning with 





minimum friction and backlash 





| | bisavatiiable ina ceiling nce curves and char 


uspended model eleetrostatie a (© FORD INSTRUMENT COMPANY © "ss: Pcs os 


rie t is med to remove . dr De NU 
ne Se Ne Pe aan 31-10 THOMSON AVENUE a 























e dust and pollen. Model || LONG ISLAND CITY, N. Y. 
PH-122 ndles 1,000-1,200 ft*® of an - 
el nute: the floor model PH-242 
° ance 2000-2400) ft® min. Elee- 
® guaranteed for one 
Wate ind drain line connec- 
tio shing away accumulated 
t ( ed The cleaners may 
( te to forced-air heating o1 
ng plant Westing- 
/ f Cor) liar Conditioning 
/) Mt / f 27000, Readville Nt., 
Hyde P Boston 386, Mass P-35 
esearch usir gn pressures 
similar high performance engineering 
NUCLEAR DEVELOPMENT ASSOCIATES, INC 
° 80 Grand Street, White Plains, New York 
White Plains 8-5800 


Please send me NDA Information Bookict N-2 





Name 





Organization 





Air Conditioner 
Address 





hie eri 900 apparatus Is a com- 





ned nditioner and ai drver. A 
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THE NMC PROPORTIONAL COUNTER CONVERTER 





@ No window absorption @ 2 = geometry @ Full 


f AW, vine . yield a counting @ Differentiates between a 
SRR, eer oat a : 
BAe and 6 @ Negligible resolution loss @ Adapts 





La 
tees, <4 any scaler to proportional counting @ Rapid 


decontamination 


MODEL PCC-10 


‘385.00 


al F.O. B. INDIANAPOLIS 


a Catalog’ N-8 covers NMC's 
pte? complete line of nuclear 
ot cd instruments. 


= 


\ FREE CATALOG 
A 
E\ 


Foremost Manufacturer of Proportional Counters 


SS Nuclear Measurements Corp. 


2460 NW. ARLINGTON AVE. « INDIANAPOLIS 18, INo. 








SCOPE DOLLY woos: 


® Convenient Height and ® Lightweight Aluminum 
Viewing Angle Construction 


® Adjustable to Hold Port- 
able Scopes 


® Ball Bearing Swivel Rub- $38.50 


ber Tired Casters F. O. B. Louisville, Ky. 


| 

| 

| 

| 

® Recommended by Labora-_ | 
tories Wherever Used | 
| 

| 


TECHNICAL SERVICE CORP. 


1404 West Market Street Louisville 3, Kentucky 




















MOVING? 


If you are moving (or have moved), tell us about it, won't 
you? Your copies of NUCLEONICS will not follow you un- 
less we have your new address immediately. Make sure 
you don’t miss a single important issue . . . and help us 
make the correction as speedily as possible by giving us 
your old address, too 


NUCLEONICS 


Circulation Dept 


330 W. 42nd St., New York 36, N. Y. 
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spray of Hygrol moisture-absorbing 
liquid fixes the output air’s relative 
humidity and temperature according 
to the spray’s temperature and ab- 
sorbent concentration, Sinee air tem- 
perature and moisture content are 
established as separate Tunetions, con- 
trol is maintained by thermostats. 


Units range in size from 1,000 to 5,300 


ft? of air per minute. Niagara Blower 
Co., 405 Lexington Ave., New York 17, 
N.Y. (P-36) 


INDUSTRY NOTES 


P Computer Instruments Co. is the new 
name of the former Micromax Co., 
1964 Utica Ave. Brooklyn. 


B® Consolidated Engineering Corp., 
300 N. Sierra Madre Villa, Pasadena 
8, Calif., has created a wholly-owned 
subsidiary, Electro Data Corp., which 
will handle engineering, manufacturing 
and sales of electronic digital computers. 
Consolidated has also established a sys- 
tems design and development division, 
which will study a customer’s require- 
ments and design and deliver informa- 


tion-processing systems. 


® Vibro-Ceramics Corp., Metuchen, 
N. J., offers a materials testing service 


utilizing an ultrasonic method. 


P Tracerlab, Inc., 130 High St., Boston 
10, Mass., has completed a project in- 
volving tracing a radioisotope-tagged 
scraper through a 652-mile oil line. 
The scrapers were used in the 30-in. 
crude oil line from Superior, Wis., to 


Sarnia, Ontario 


& Arthur D. Little, Inc., 30 Memorial 
Dr., Cambridge, Mass., has appointed 
Warren C. Lothrop vice president in 
charge of the research and development 


division. 


Se OE Se Sey Ie Sy Saas Set AE ee a eae ee a J P High-Voltage Engineering Corp., 


Cambridge, Mass., has completed a 50- 
Mey microwave linear accelerator for 
the Argonne Cancer Research Hospital 
of the University of Chicago. The de- 
sign is based on research done at the 
Stanford University Microwave Lab- 
oratory. Work was supported by the 
AEC 


LITERATURE AVAILABLE 


Hydraulic cylinders. Bulletin 53 de- 


scribes series J hydraulic cylinders. 
Hydro-Line Mfq. Co., 5737 Pike Rd.. 
Rockford, I] (L-1) 


Overload relays. Bulletin 5101A 


{ 


gives specifications and applications 
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Senior chemis 
metallurgists 
physicists 


OPPORTUNITIES 
with 
AIRCRAFT NUCLEAR 
PROPULSION DEPARTMENT 


of General Electric 












The challenge of atomic power . . . the stability and 
resources of General Electric combine to provide far- 


reaching Opportunities in this great new field. 









Work will involve correlation and analysis of radia- 
tion effects on materials. Primary interest in the inter 
pretation of data rather than experimental approach 
is desirable 

PhD degree or equivalent in Physical Chemistry, 
Physical Metallurgy, or Physics is essential, with 8 
to 10 years’ experience in work involving radiation 
effects 















Please send resume to: 
Department 0-9, Technical Personnel 





wucita® 


B= Ss GENERAL @@ ELECTRIC 


} paovect 
/ Aircraft Nuclear Propulsion Department 
Atomic Products Division 


CINCINNATI 15, OHIO 


aimcmarr 


PROPULSION \ 








r.O. BOX 132 
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When the job 
demands precision 


firnentsionial accuracy 


-there’s no substitute 


for MYCALEX’ 
glass-bonded mica 
insulation 


The coil form shown in this RCA-Victor 
elacteksielai(elal axel MEM Ial[-rellolamuleliel-te mel! 
MY CALEX 410 glass-bonded mica insula- 
ilolaMal hal-Metoll Pie) el-Iaeli=toMeimele)elcey duloli-1h7 
Cle OR ser mares¥) o)[-.am omallelaMiielamelalem sie) °) 
stresses. The winding contacts a traveling 
—and MYCALEX offers eikveielale Me) e\-1cel-t Mel Malle lal sleli-lalifel ime lare| 
OUTSTANDING high frequency. MYCALEX was selected 
SUPERIORITY — Tolaniaikime|e)elileetilelaMmeli-laneela-ti0) -\/Ze]|0 or 
in almost every tion. The extreme dimensional*accuracy, 
other category! attainable with MYCALEX glass-bonded 
mica—the unique ceramoplastic — insures 
° IMMUNITY. TO el-iaiclemmeolalrole late else Mel Mal-MeXolul-MaiuI-) 
REPEATED ARCiSS eliminates balance problems. High 
© PERMANENT DIMEN- olllciariielale] Meola a¥|cela Mel roMoliielger Meester 
SIONAL STABILITY lute uniformity of parts, facilitating as- 
© VERY LOW LOSS sembly and replacement. The excellent 
FACTOR dielectric properties of MYCALEX insure 

® EXCELLENT DI- efficient electrical performance. 


ELECTRIC STRENGTH 


® ZERO MOISTURE 
ABSORPTION 


® UNLIMITED DESIGN 
FLEXIBILITY 


Note: MYCALEX 410 

glass-bonded mica, 

described above, is 

an exclusive formula- 

tion of, and manufac- 

tured only by, the 

Mycalex Corporation 

of America. It meets 

all the requirements 

for Grade L-4B under 

Joint Army-Navy Spe- 
cifications JAN-1-10. 

For. similar economical 

solutions to your problems, 

phone or write J. H. DuBois. 

Vice President-Engineering at 

the Clifton, N. J. address below. 


MYCALEX CORPORATION OF AMERICA 
World's largest manufacturer of glass-bonded mica products 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. 
ADDRESS INQUIRIES TO— 


General Offices and Plant: [REY Clifton Bivd., Clifton, N. J. 
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Research instruments. 











PULSE HEIGHT ANALYZER 


Model 520 Twenty Channel 
Differential Pulse Height Ana- 
lyzer — for pulse amplitude 
distribution studies, divides a 
spectrum of 60 volts at input 
of Pulse Sorter into 120 chan- 
nels, scanning 20 at a time. 
May be used to study any 
phenomena where events are 
expressed in terms of electrical 
pulses with random = ampli- 
tudes. Each channel output is 
fed to a scale of 16 and regis- 
ter for visual indication. All 
scalers and registers reset by 
single push button. 

Model 510 Single Channel 
Differential Pulse Height Ana 
lyzer for study of amplitude 
distribution of pulses in the 
range from zero to 100 volts. 


SCALERS 


Model 1070A_ Multiscaler 
(shown) — a complete scaler 
for all types of nuclear re- 
search; Geiger, Scintillation, 
or Proportional techniques 
Fully automatic operation, 
with optional choice of five 
microsecond or one microsec- 
ond resolution. Available as 
decade, scale of 1000 or binary, 
scale of 4096; also includes 
built-in pulse amplifier. 
Several other models in this Ten-Ten Series are available, 
each with choice of many features to “customize” scaler 
for your needs. 


LINEAR AMPLIFIERS 


Model 204C Linear Ampli- 
fier — for use with ionization 
chambers, scintillation and 
proportional counters. This 
model has separate input time 
constant and rise time set- 
tings; gain control by coarse 
attenuator. Several other mod- 
els of amplifiers and preampli- 
fiers available. 
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DATA PRINTER 


Model LOABC Analog Volt 
age Scaler and Rapid Numer- 
ical Printer — for reduction of 
electrical data to printed nu- 
merical form. Data in the form 
of an analog voltage (a direct 
voltage, the magnitude’ of 
which is directly proportional 
to the represented data value), 
or in one of several digital 
forms, may be printed in three 
digit Arabic numerals at a rate 
of 10 to 600 values per second. 
Figures are printed virtually 
instantaneously by an all-elec 
tronic system on paper tape 
and no processing is required 
When data is in analog form, 
overall scaling accuracy is 
0.4% while digital data is 
printed with no error. 


COINCIDENCE ANALYZERS 


Model 502 Four Channel 
Coincidence Analyzer — spe- 
cifically designed for opera- 
tion with Geiger Counters in 
cosmic ray or nuclear physics 
research and for general radio- 
activity experiments. Any com- 
bination of the four channels 
can be used in coincidence and 
one channel can be put into 
anticoincidence. Resolution of 
0.25, 0.5, 1 or 2 microseconds 
selectable for each channel. 
Also Model 503C Two Channel Anticoincidence Ana 
Iyzer for low level GM tube measurement. Other 
models available. 


COUNTING RATE METERS 


Model 410 Count Rate Me- 
ter for general laboratory 
use. Four selectable ranges 
0 - 200 - 2,000 - 20,000 - 200,000 
CPM with 2©% accuracy. Di 
rect, scintillation and GM 
probe inputs. High voltage 
supply, 400 to 2000 V @ 1 
ma; 0.05 percent regulation. 
Includes aural monitor and 
output for standard 1 ma. pen ~ 
recorder 
Also Model 409 Laboratory Monitor a compact bench 
monitor, with 5% accuracy, for routine laboratory contam 
ination monitoring and many other applications, Various 
model probes available. 
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84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS. 


SALES REPRESENTATIVES 
H. E. RANSFORD CO. — 2601 Grant Bidg., Pittsburgh 19, Po. 
W. A. BROWN & ASSOCIATES — Alexandria, Virginia 
Branch Offices — throughout Seutheastern U.S. 
PACKARD INSTRUMENT CO. — P.O. Box 428, LaGrange, Ill 
KITTLESON COMPANY —— Los Angeles 46, Calif. 











Linear Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, 
Count Rate Meters, Coincidence and Anticoincidence Instruments, 
Differential Pulse Height analyzers, Accessories. 


Branch Offices — San Francisco, Calif. — Albuquerque, N.M 
RON MERRITT COMPANY — Seattle, Wash. 
STRAUS-FRANK COMPANY, Eng. Prod. Div. — Houston, Texas 
CANADIAN MARCONI CO. — Montreal, P.Q. 

Branch Offices—Toronto—Winni Vancouver—Halifax 
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SPECIFY 


ALL GLASS, SELF-QUENCHING 


COUNTER TUBES 





Raytheon All Glass Radiation Counter Tubes come in sizes 
and prices to meet a broad range of requirements. Raytheon 
standards of precision manufacture, inspection and testing 
assure uniformly excellent performance and lasting 
dependability over a wide temperature range. 


RAYTHEON RADIATION COUNTER (GEIGER-MUELLER) TUBES 
(All Glass, Self-Quenching) 


MAX. DIMENSIONS OPERATING RELATIVE GEIGER BACK. 
Inches VOLTAGE PLATEAU PLATEAU | THRESHOLD} GROUND AMBIENT WALL WEIGHT] EFFICIENCY] LIFE 

TYPE RANGE SLOPE Voltsde | Unshielded TEMP. RANGE Nominal 
Length Diam. Volts de Per 100v mox. counts /min. *Cent. mg. /sq.cm. % counts 


cx1890 6% '‘% Thres. +50 > 3% 1100 —40 to +50 35 990 108 
cK1018 8% '% 850-950 2 859 —40 to +55 AS 10* 
cK1019 8% 1% 875-975 > 880 —40 to +55 35 90 108 
cx1020 6 % 850-950 850 —40 to +55 35 90 108 
cK1021 5% 4 850-950 850 —40 to +55 35 90 108 
cKx1023 Ye 850-950 > —40 to +55 35 90 108 
CK1026 Me 850-950 —70 to +50 175 1o0# 
Ck1029 ee 850-950 —40 to +55 35 90 108 
CK1032 Ye 1050-1200 —70 to +50 175 198 
CK1034 700 —55 to +70 Hvy p10" 
cK 1044 . 700 —55 to +70 Hvy >101 



















































































The Raytheon Counter Tubes listed are available from stock through more than 500 Raytheon Tube Distributors. 


RAYTHEON MANUFACTURING COMPANY 


RAYTHEON MAKES ALL THESE: 


Want more information? Use post cord insert in this issue 





